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INTRODUCTION 


In a previous article (WIERSMA, 1951) mention has been made of the 
remarkable difference found in the reaction of the muscles closing the 
various claws of Homarus to stimulation of the nerve fiber for the fast 
contraction. It was observed, that, whereas the closer muscles of the 
small claws of the second legs reacted with a clear “‘twitch”’ contraction 
to single shocks, this was not the case in the two chelipeds. But of these 
the cutter claw was found to give a very strong contraction on two 
shocks in close succession, whereas the crusher claw did not noticeably 
react on even two shocks. The present paper will give a more detailed 
description of these differences, and throw some light on factors 
involved in bringing them about. 


METHODS 


The legs of the lobsters were isolated by making them autotomize at the 
junction of the baso- and ischiopodite. The nerve was exposed by 
removing the ventral half of the shell of the meropodite, sparing the 
regions near the joints, and removing the muscles. In most instances the 


1 The author wants to express his sincere thanks for the hospitality and cooperation 
received from Professor Dr. S. DyykcRAarF and the staff of the Laboratory. 
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fast fiber for the closer muscle was prepared as a single unit. In the 
end to 4th leg this is easier to perform without undue stimulation of the 
muscle than in the claws, especially the crusher. In the legs a single 
induction shock to a nerve bundle is sufficient to show, whether or not 
the fiber is present in it, but faradic stimulation is needed for the 
crusher claw. Furthermore it is especially difficult to decide for this 
claw whether the slow or the fast fiber is being stimulated. Once the 
bundles are thin enough so that single fibers can be spotted the distinc- 
tion between slow and fast becomes somewhat clearer as the slow is 
thinner than the fast fiber, but until both axons are single units this 
indication can sometimes be misleading. 

The experiments performed can be divided into two groups. In the 
first the mechanical contractions were registered, in the second the 
action potentials. Stimulation of the axons was performed in the first 
group in two main ways. In one set two primary induction coils, each 
with its own battery, shared one secondary coil placed in a symmetrical 
position between the primaries. This secondary coil was connected to 
micromanipulated stimulating electrodes. The timing of the two 
impulses was obtained by means of a Lucas contact breaker, by which 
the interval between shocks could be varied between o and 36 milli- 
seconds. In the other method the effect of two, three or four shocks 
separated by intervals of 4 milliseconds were compared with each 
other. These 4 shocks were derived from 4 primary induction coils, all 
connected to the same stimulating electrodes by means of two second- 
ary coils, care being taken that in all circuits the polarity was identical. 
As in the first instance the primaries were activated by breaking a 
current flowing through them with the aid of a spring driven arm, 
which knocked out a contact in the circuit. Registration of the contrac- 
tion was most often isotonic, only in some instances was isometric 
registration necessary. 

In the set of experiments, in which the action potentials were studied, 
the Lucas pendulum has been used, in some cases in the manner 
described above, but in addition as a device to obtain short duration 
rather high frequency sinusoidal stimulation. The instrument providing 
the latter was a Philips audiofrequency generator. The frequency was 
set most often at either 200 or 400 per second and by letting these 
stimuli pass through the preparation for the time set by the Lucas 
pendulum the number of resulting nerve impulses could be fairly 
well regulated. In some instances stimulation has been with the stimu- 
lator alone at a frequency of 20 per second. 

The indifferent recording lead was invariably located at the tip of 
the pollex in all legs with claws. In the fourth leg a hole was made 
below the closer tendon in the corresponding place. The proximal 
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lead was always on the underside of the propodite, near to its junction 
with the carpopodite. Similar leads were widely used in previous 
experiments on other species. The action potentials were recorded 
with the aid of a Philips cathode-ray oscillograph and photographed 
on paper with a horizontal cameral!. 


RESULTS 


The experiments with mechanical contractions have on the whole 
confirmed the preliminary findings (Wiersma, 1952). In most prepa- 
rations single impulses in the fast closer fiber of the second leg cause an 
easily observable contraction, which often is rather difficult to record, 
especially after some fatigue. If two impulses are given 1.5 or more 
milliseconds apart a stronger contraction is observed in the freely con- 
tracting claw, and this contraction registers much larger with the 
isotonic lever than the one caused by a single impulse. Summation is 
very pronounced up to intervals of 5 milliseconds and gradually 
declines with longer time intervals, being at 20 milliseconds only about 
half of the maximum. The third leg, which is also chelated, behaves in 
a similar fashion. In the fourth leg the only difference is that both 
types of contractions are smaller, so much so that often the reaction to 
a single impulse is too small to be registered, though usually visible. 
The contraction on two shocks is also small, and the fresh preparations 
very much resemble then the fatigued ones of the second and third 
legs. Some attempts were made to use the fifth legs, but these were 
rather unsuccessful, because the contractions were very small, even on 
two or more shocks. It may be remarked here, that in this case the 
preparation of separate fast and slow axons was difficult and succeeded 
in only a few cases. These preparations were used to investigate another 
problem, namely whether either of the two movements gave rise to a 
rotation of the dactylopodite. The fifth leg of Homarus has the remark- 
able feature that the joint between pro- and dactylopodite is loosely 
constructed, so that the dactyl can lag behind over an arc of about 
30° as the animal walks. In similarly formed joints between the carpo- 
and propodite in the walking legs of Dardanus and of Dromidiopsis it was 
shown (Wiersma and RIPLEY, 1954) that rotation in one direction took 
place on stimulation of the fast, in the other direction on slow contrac- 
tion. No such difference in movement could be observed in this leg, 
both contractions seemingly moved the dactyl absolutely straight with 
regard to the propodite. It is likely that only the dragging effect of the 
bottom surface causes rotation here. 

The effect of two shocks, no matter how sho-t the time interval, 


1 T am much obliged for the help of Mr. J. Stoprets with the taking of these pictures. 
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never has led to any noticeable contraction of the crusher claw, but in 
the majority of the cutter claws, a large contraction appears under 
these circumstances when the shocks are closely spaced. In some cutter 
claws there is a just noticeable contraction on single impulses, which 
can be registered under isotonic conditions without load. A very similar 
contraction is then visible when the interval between the two shocks is 
20 milliseconds, but with shorter intervals the contraction rapidly 
increases and at about 12 milliseconds the claw closes completely. In 
order to show that shorter intervals result in still stronger contractions, 
it is necessary to use isometric registration or to apply a load. Under 
both conditions the contractions obtained with intervals between 1.5 
and 4 millisecond are maximal, with a gradual decline in strength 
with longer intervals. However, fatigue will gradually diminish the 
contraction heights and often will also lengthen the refractory period of 
the preparation, so that the latter may become as long as 3 milli- 
seconds instead of the original 1.5 (c.f. WricuT and CoLEeMAN, 1954). 

By using 3 and 4 impulses instead of 2 it can be determined in how 
far the twitches obtained on 2 impulses are near the maximum which 
the muscle can give. In case of the 2nd, 3rd and 4th thoracic legs, the 
result usually obtained is, that there is an increase in strength of about 


TABLE I 


Comparison between the contraction heights obtained by 1 to 4 impulses in the 
different legs. The heights are isotonic deflections in mm except for the cutter claw 
which are isometric in grams. All values are uncorrected, 4 msec between shocks. 


No. of impulses I 2 3 4 
UK sfane eee) ee rs 8a Mars eee o mm 3 5 12 
Tie gb" tay ky Lo. en ee Ss gare I 15 25 35 
eo 2S tLe tony aes I 7) 34 55 
@rushenclawal eas eee a) fo) 7 12 
(Cuttericlaywimeen eee Og. 100 125 140 


the same order for each additional impulse. Table I shows that the 
contraction, at least when registerd with a lever, is considerably larger 
on two impulses than on one, but that 3 and 4 give further stepwise in- 
creases of approximately equal magnitude. In the crusher claw 3 
impulses may cause a noticeable contraction under isotonic conditions 
without load, which approximately doubles in height with 4 impulses. 
But in some cases such contractions could not be obtained and it was 
then necessary to give a preceding faradic stimulation to the fiber in 
order to show that during the post tetanic facilitation, contractions on 
3 or 4 impulses were present. On the other hand, when the contraction 
of the cutter claw on two impulses is well developed, isometric regis- 
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tration shows, that 3 and 4 impulses only increase the tension developed 
by a relatively small percentage. But when two impulses through 
previous fatigue give only a small contraction, three impulses will 
develop a very pronounced increase, whereas the result of 4 may remain 
little changed compared to the unfatigued state. An exception to this 
rule was found in one cutter claw, which was in shape somewhat closer 
to a crusher than is normally the case, having a pronounced tooth on 
the inside of the pollex, but being still much more slender than the 
crusher claw, which appeared to be normal. In this case, there was a 
much more gradual increase in strength, 2 impulses giving a very small 
contraction, 3 an intermediate and 4 a rather strong one, but not yet 
strong enough to close the claw. 

In the experiments, in which action potentials were led off, a close 
parallelism was observed between the potentials obtained and the type 
of contraction elicited. 

In case of the 2nd and 3rd legs single impulses resulted in a small 
diphasic action potential, double impulses in action potentials which 
invariably showed two diphasic potentials, the second one considerably 
larger than the first, its height diminishing, however, when the spacing 
became longer (fig. 1). When more impulses followed each other, as 
by use of the audio generator, the facilitation of the diphasic potentials 
went on for a considerable time, and would remain after stimulation 
had stopped as could be shown by giving a single impulse after a short 
interval. Under such circumstances both the diphasic action potential 
and the twitch contraction can be many times that of the preparation in 
the non-facilitated state. 

The action potentials of the cutter claw differ noticeably from this 
picture. As is shown in fig. 2, single impulses result in an almost com- 
pletely monophasic potential, but when two impulses follow each other 
quickly a large diphasic deflection occurs on the second shock. With 
longer intervals this deflection becomes dispersed and there is a 
tendency to polyphasicity, whereas the twitch becomes smaller. With 
still longer intervals, when no visible contraction takes place, the 
quick diphasic potential is again absent. The action potentials of the 
fourth leg are somewhat similar to those of the cutter, in that a clear 
diphasic potential occurs here too, only on the second impulse but the 
relative size of this deflection is much smaller. When subsequent 
impulses are given, the potentials of the fourth leg show, however, a 
very considerable facilitation, whereas in the cutter claw there is only 
relatively little subsequent growth. 

The crusher claw gives action potentials even on two shocks which 
do not ever show any noticeable quick diphasic deflections. Instead a 
summation and facilitation of a monophasic deflection is here the main 
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result. This picture is almost identical with that obtained in a slightly 
fatigued fourth leg. It also resembles strongly the action potentials ob- 
tained previously in Blepharipoda (fig. 3) and Randallia (W1eRsMA and 
VAN HarrEVELD. 1938a). However in contrast to the latter the mono- 
phasic deflections of the crusher are never accompanied bya twitch and 
furthermore the crusher claw shows diphasic potentials when more 
impulses are given. 


DISCUSSION 


Though there are still several important clues lacking, it seems useful 
to discuss at present our knowledge of the relation between crustacean 
muscle action potentials and contraction. The reasons why this 
relation is so difficult to explore are several. Crustacean muscle fibers 
can, by histological methods, be shown to receive, on the one hand two 
or more motor axons, and on the other each of these axons makes many 
connections along the length of each fiber. To a certain degree, the 
physiological findings are now in accord with this concept. By the use 
of internal electrodes it has been shown (Fatr and Katz, 1953) that 
when stimulation of a motor fiber causes so called “local” or “end 
plate potentials’, these are observable throughout the muscle fiber and 
not in one end plate region, as in mammalian striated muscle fibers. It 
has also been possible to observe this type of potential in a single muscle 
fiber, upon stimulation of either of two motor axons (Farr and Karz, 
1953, FuURSHPAN and WieRsMA, 1954). The two potentials differ from 
one another, in that one can be obtained on single nerve impulses, 
whereas the other does not show unless several impulses follow each 
other rather quickly. The first, the large local potential, occurs when 
the fast nerve fiber is stimulated, the second, the small local potential, 
when the slow is excited. These results are in complete accord with the 
picture obtained with external electrodes, applied in the way as used 
in this investigation. 

But especially in the fast system, internal electrodes show clearly, 
that in addition to the “‘local’’ potentials, spikes can occur, which 
differ from the local potentials in being often larger than the membrane 
potential. These, in certain fast systems, are present even on single 
impulses, whereas in other cases they do no appear unless two or more 
impulses have first caused summation of the local responses. However, 
it was found, that the appearance of spikes is not a simultaneous process 
in all muscle fibers of a muscle, but that depending on the circumstances 
e.g. of the spacing of two impulses, fewer or more fibers of the muscle 
can give this phenomenon. To further confuse this issue, spikes do not 
seem to be always all-or-none processes, as abortive spikes were some- 
times obtained in fibers, on two impulses following each other at an 


MUSCLES IN THE THORACIC LEGS OF HOMARUS VULGARIS 7] 


interval somewhat longer than one which gives a full fledged spike. 
Under these circumstances then, the muscle as a whole will show 
heterogeneity with regard to the potentials of its muscle fibers. Unless 
the contraction of each fiber can be registered at the same time as the 
potential, it will not be possible to definitely state which of the potentials 
is accompanied by a twitch contraction of the fiber and which one is not. 

From these considerations it seemed useful to try to relate the poten- 
tials with external leads on the one hand to internal potentials, on the 
other to the observed muscular contractions, as they must in some way, 
represent the overall picture of the electrical events in all muscle 
fibers. When local potentials obtained by either method of leading off 
are compared, the results observed are usually very similar. Thus the 
potentials obtained on stimulation of the slow fiber correspond in 
amounts of facilitation and relative sizes. The same is true for local 
fast potentials. But in the case of spikes, this correspondence seemed to 
break down, as WiersMA and VAN HARREVELD (1938a) found that in 
Randallia and Blepharipoda the fast potentials showed monophasic 
potentials, which summated always smoothly, without any sign of a 
sudden change in process (fig. 3), whereas with internal leads in other 
muscles of other species spikes are easily obtained on similar stimulation. 
The absence of spikes with external leads in the two species was the more 
remarkable, because the smaller potentials on single impulses were 
without an accompanying twitch, whereas those on two or more 
closely spaced impulses were of the same shape but followed by a 
strong twitch. Hence, the conclusion was drawn at that time, that all 
twitches were accompanied by local fast potentials. This view was to a 
considerable extent strengthened by the observations made on the 
closer muscle of the crayfishes, in which there was seemingly very little 
difference between the external action potentials accompanied by 
twitches, and those in which the twitch had disappeared by “‘fatigue’’, 
the latter being only about 10 °% smaller than the former. However, 
with internal electrodes it was shown, that the closer of the crayfish, 
Cambarus, is exceptional in the relation between the size of the local 
potential and the spike, which are here very difficult to recognize, 
since potentials, presumably completely local may be as high as 90 % 
of the membrane potential. A close scrutiny of the potentials with 
external leads may in this case indeed give an indication of the presence 
of spikes in the muscle, as has been pointed out by Katz and KuFFLeR 
(1946) with regard to a picture obtained on two impulses in this 
muscle by VAN HARREVELD and WiersMA (1936). Thus in this case 
there is again a correspondence between outside and internal leads. It 
should be remarked that for both types of lead it is (in this species) very 
difficult to decide when spikes are present. 


8 Cc. A. G. WIERSMA 


If the view that external leads are able to give clear indications of the 
electrical events in the muscle fibers is correct, one should have no 
difficulty to detect spikes with external leads in cases where there is a 
pronounced difference between fast local and spike potentials with 
internal ones. And from the results observed in Homarus, this seems 
indeed to be the case. One may object that no internal leads have been 
used in Homarus, but from the results on a number of crabs there 
cannot be much doubt, that the diphasic deflections observed in 
Homarus were due to spikes. In Homarus then, there seems to be a high 
correlation between the occurrence of spikes, diphasic deflections in 
external leads and twitch contractions of the fibers giving the spikes. In 
the second and third thoracic legs a diphasic deflection is obtained on 
stimulation with a single shock, but this is rather small as is the twitch 
contraction and both disappear on fatigue. A second, larger diphasic 
deflection results from a second nerve impulse, and the height of the 
deflection is in agreement with the increase in height of the summated 
twitch contraction. In the crusher claw, on the other hand, single and 
also double impulses, give almost pure monophasic deflections, which 
summate and are not accompanied by a visible contraction. Diphasic 
potentials do occur at a time when contractions become visible. The 
case of the cutter claw is perhaps the most convincing, as here a single 
impulse results in almost no case in a twitch, and the action potential is 
almost purely monophasic, but avery strong twitch and large diphasic 
deflection appear on two impulses. 

It seems almost inevitable to draw the conclusion that in Homarus 
and most likely also in many other decapods twitches occur only when 
spikes are set up. However, from the events of slow contractions it is 
quite evident, as also pointed out by Farr and Karz (1953), that-local 
potentials must be able to cause muscular contractions, even though 
under circumstances of high frequency stimulation, spikes may also 
occur on stimulation of the slow fiber. Considered in this way, the 
paradox of the fast and slow contractions (W1ERsMA and VAN HarreE- 
VELD, 1938b) may be stated: why do large fast locals not cause con- 
tractions whereas slow small locals do? By accepting different trans- 
mitters for the two systems (FLoREY and FLoREy, 1954) a certain 
likelihood for such an occurrence may be present, though not obvious. 
At present, there is no reason to believe, that at least in Randallia and 
Blepharipoda fast local potentials do not give rise to twitches, on the 
contrary all indications are that they do. Experiments to further 
investigate this with internal electrodes are planned. It seems likely 
that there are in this respect great species differences, and that it is 
these differences which have confused the issue. 

With regard to our original query, about the relation between con- 


MUSCLES IN THE THORACIC LEGS OF HOMARUS VULGARIS 9 


Fig. 1. Action potentials from closer muscle of the third leg, with double shock 
stimulation. The interval between shocks was as follows 1: 2 millisec.; 2: 4 millisec.; 
3:10 millisec.; 4:20 millisec. In 1 a small twitch accompanied the single action 
potential, the second shock falling in the refractory period of the nerve. In 2 a large 
twitch occurred, which was somewhat smaller in 3 and in 4 only slightly larger than 
the simple twitch in 1. Time is indicated by the distance of the two tops in 4. 
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Fig. 2. Action potentials from the cutter claw, on double shock stimulation. Interval 

between shocks: 1: single shock; 2: 2 millisec. : 3: 10 millisec.; 4: 20 millisec. Com- 

pared to fig. 1 polarity of leads was reversed. In 1 no visible contraction occurred, 

in 2 a strong twitch appeared, in 3 a weak contraction and in 4 no contraction was 

observable. Notice the monophasic deflection in 1, whereas in 4 the second impulse 

causes a slightly more diphasic deflection. Notice that in this record the stimulation 
artifacts are much larger than in fig. 1. Time as in IMS, i 


MUSCLES IN THE THORACIC LEGS OF HOMARUS VULGARIS II 


Fig. 3. Action potentials from the closer of the claw of Blepharipoda occidentalis on 

double shock stimulation (Rearranged from Wiersma and VAN HARREVELD, 1938 a, 

. 22). 1: Interval between shocks 1.4 millisec.; 2: 1.6 millisec.; 3: 3.6 millisec.; 

4:7.2 millisec.; 5: 14.4 millisec.; 6: 34 millisec. From the records it appeared that 

I, 5 and 6 were not accompanied by a visible contraction, whereas 2 showed a strong 

twitch, which was about of the same size in 3 and considerably smaller in 4. Time 
given by shock intervals. 
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traction and muscle action potentials, the only claim that can be made 
on the basis of the present investigation, is that external leads do give a 
better picture of the overall events in the muscle than has been accept- 
ed, as they do seem to indicate the presence or absence of spikes. The 
fundamental difficulty of the relation between action potential and 
contraction remains, and will remain until the above mentioned 
paradox and the results of inhibition can be explained. 

In the mean time, the differences between the different muscles of 
Homarus raises other problems, which may be less fundamental but 
nevertheless of considerable interest. How can it be that part of the 
muscle fibers of the second and third leg respond with spikes to single 
impulses, when practically none in the cutter claw do so, whereas a 
second impulse recruits relatively few fibers in the legs and practically 
all in the claw? Furthermore, in young lobsters, the two claws are 
similar in shape and resemble the cutter claw, later they become 
differentiated, sometimes the left, other times the right becoming a 
crusher claw. As EmMMEL (1908) has shown one can influence this 
development by removing one of the claws during the first four moults, 
in which case the remaining claw will differentiate to a crusher. But 
after the fifth moult the pattern seems very stable, once a leg has 
differentiated, it usually regenerates as the same type in older animals. 
It is interesting to note that from an anatomical standpoint only the 
crusher is specialized, but that in physiological respects both claws have 
special properties, and that in one case, in which an intermediate 
between the two types seemed to be present from an anatomical point 
of view, this claw behaved physiologically much as the posterior 
thoracic legs. 


SUMMARY 


The different thoracic legs of the lobster Homarus vulgaris have been 
compared with regard to the contractions caused in the closer muscles 
on one and more impulses in the “‘fast”’ nerve fiber. 

It was found that small twitches occurred in the fresh preparations 
especially in the second and third legs; that the cutter claw, the fourth 
and fifth leg showed sometimes a very small contraction on a single 
shock, but that in the crusher claw more than two closely spaced im- 
pulses are necessary before a visible contraction occurs. Two closely 
spaced impulses in the second, third and fourth leg lead to a stronger 
twitch, which increases considerably in strength on further impulses. 
In the cutter claw two such impulses lead to a very strong twitch, 
which increases but little with a greater number of impulses. 

Muscle action potentials lead from the muscle with external leads 
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show a good correspondence between the occurrence and size of 
diphasic deflections and height of the twitch contractions. 

These results are considered in the light of internal and external leads 
obtained from similar muscles of other animals and the difficulties to 
obtain a consistent picture between the relation of muscle action 
potentials and contraction in the decapod crustaceans is pointed out. 
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par 
Je LEN TCA Ee ECO O@ONEANS Ea JN WA @1P 
(Laboratoire de Physiologie Comparée, Université d’ Amsterdam) 


Les substances cholinergiques et adrénergiques qui jouent un rdéle im- 
portant dans la régulation nerveuse de la fonction de divers organes 
ont été peu étudiées jusqu’a présent quant a leur action sur les mouve- 
ment des cils vibratiles. Ainsi qu’on le sait, chez la plupart des animaux 
le syst¢me nerveux est sans influence sur les mouvements des cils de 
Pépithélium. C’est pour cela que les études de Korpik, BULBRINK et 
Burn (1952) qui ont cherché a mieux connaitre l’action de l’acétyl- 
choline, de Padrénaline et quelques autres substances sur les mouve- 
ments des cils de Poesophage chez Rana et ceux de la trachée chez le 
Lapin, ont une si grande importance. Ensuite, l’action de l’acétyl- 
choline sur les mouvements des cils des lamelles branchiales de Mytilus 
a été examinée en 1953 par BULBRINK, BURN et SHELLEY. 

Ces expérimentateurs ont déterminé que l’acetylcholine, de méme 
qu’une choline-acétylase et une choline-estérase sont présents dans le 
tissu des cils vibratiles. Ils supposent que l’acétylcholine agit comme 
une hormone locale qui est synthétisée sur place; il n’y aurait des 
éléments nerveux ni dans les lamelles branchiales de Mytilus ni dans le 
tissu des cils vibratiles de la trachée du Lapin. 

Les auteurs précités n’ont examiné qu’un seul Invertébré, Mytilus, il 
nous a donc semblé d’importance de savoir comment réagit a l’acétyl- 
choline et a Padrénaline l’épithélium ciliaire d’autres Invertébrés. 
Nous avons étudié dans ce but l’action de l’acétylcholine, de l’adréna- 
line et de quelques autre substances sur les mouvements ciliaires de 
PAnémone de mer, Metridium senile. On trouve des cils vibratiles dans 
beaucoup de groupes d’animaux. Une observation superficielle 
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démontre que les cils aient deux sortes de fonctions: ils sont employés 
dans le déplacement de l’animal (unicellulaires, beaucoup de larves 
des Invertébrés). En d’autres cas l’animal peut rester lui-méme im- 
mobile, mais le medium est déplacé en relation de J’animal (cils 
vibratiles de l’épithélium de Métazoa). 

Nous avons fait nos expériences sur Metridium senile. Les cils de 
Metridium appartiennent au second type, mais si un tentacule de 
lanimal est coupé et posé sur le fond d’un vaisseau avec de l’eau de 
mer, il peut se déplacer par le mouvement des cils. On fait usage de ce 
phénoméne pour mesurer la fréquence du mouvement ciliaire. La 
vitesse de déplacement du tentacule peut servir de mesure quant a la 
vitesse de vibrations ciliaires. 

Les anémones de mer provenaient de la Station Zoologique du Den 
Helder et étaient conservées dans Vaquarium d’ “Artis”, Jardin 
Zoologique d’Amsterdam. 

Nous avons pris comme object d’expérience le petit tentacule sec- 
tionné. Le tentacule isolé est mis dans un petit réservoir avec de l’eau 
de mer. L’organe se contracte d’abord un instant, mais se déploie de 
nouveau aprés quelques minutes. Plus tard il commence a ramper avec 
Pextrémité sectionnée vers avant. Ce mouvement n’a commencé 
chez quelques animaux qu’aprés une heure environ, mais la vitesse est 
toujaurs restée a peu prés la méme. La longueur des tentacules isolés ne 
doit pas dépasser 2 mm, mais ne doit avoir moins d’un millimetre. Si 
elle dépasse 2 mm, les tentacules se recourbent par contraction des 
muscles longitudinaux. I] en résulte que le tentacule ne rampe plus 
en ligne droite, mais en lignes circulaires. Cela rend beaucoup plus 
difficile de mesurer la vitesse du mouvement. 

Quand la longueur des tentacules est au-dessous d’un millimetre, 
Porgane est plus large que long parce que son épaisseur comporte un 
millimétre environ. Ils peuvent alors facilement se retourner tandis 
quwilsrampentetils prennent alors une direction opposée. Ceci complhi- 
que de méme Vobservation, parce que la vitesse doit étre mesurée, 
c’est-a-dire le temps requis pour le parcours d’une distance déterminée. 

Les tentacules ont chez Metridium la fonction de porter de la base du 
tentacule vers le haut de petites particules. La vibration active des cils 
est donc dirigée vers le sommet: ce dont résulte que des tentacules 
isolés rampent avec leurs sommet dirigé vers larriére. Nous n’avons 
jamais observé un retournement de la vibration ciliaire sur des tenta- 
cules isolés. 

Vingt-quatre heures aprés l’isolement, les tentacules rampent encore, 
leur vitesse toutefois est alors quelque peu diminuée. Nous avons 
encore constaté des mouvements 48 heures aprés l’isolement, mais leur 
vitesse est alors trés petite. 
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METHODE 


Il est important, si ’on veut mesurer la vitesse des tentacules rampants 
de Metridium, de les faire avancer sur une voie droite détérminée. 
Nous avons fait en placant ’'un contre l'autre deux minces tubes de 
verre de la méme dimension. Les deux extrémités étaient fixées une a 
lautre avec du mastic. 


Rigole Mastic Rigole 


t 
i 
' 


Mastic ---- ePaper 
millimétré 


Les tubes ont 7 cm de longueur et un diamétre de 6 mm. A lintérieur 
de l'un d’eux une petite bande de papier millimétré fut placée pour 
pouvoir lire la distance parcourue. L’appareil était placé dans un petit 
réservoir contenant de l’eau de mer. L’objet étant fort petit devait en 
étre agrandie, ce que nous avons fait a l’aide d’une loupe fixée horizon- 
talement a un support placé au-dessus du réservoire. 

Un tentacule est placé dans la rigole entre les deux tubes. I] rampe 
vers l’extrémité. Quand il y est arrivé a la fin il est accueilli avec une 
aiguille a préparation dont un seul mouvement le retourne a 180°, aprés 
quoi il se dirige vers autre extrémité. 

On contrdéle a Paide d’un chronométre a arrét le temps qu’a néces- 
sité le parcours de to mm. Entre deux observations le tentacule 
parcourt a peu prés 5 mm que lon ne controle pas; le temps qui 
sécoule ainsi sert a examiner le chronométre, noter lobservation et 
remettre le chronometre a zéro. 

Si le tentacule s’arréte subitement pendant une observation, ce qui 
arrive parfois, cette observation ne compte naturellement pas. Nous 
n’avons pris pour les expériences que des tentacules dont la vitesse ne 
s é€cartait pas trop de la moyenne. 

Les réservoirs qui servent a l’expérience contiennent 75 cc d’eau de 
mer. La substance dont lV influence sur le mouvement des cils vibra- 
toires doit étre examinée, est mise en solution avec de l’eau distillée 
avant le début de l’expérience. 

Aprés avoir effectué une moyenne de 20 observations en eau de mer 
pure, nous avons ajouté a cette derniére l’une des solutions préparées. 
Aprés 20 observations faites dans ces conditions, le tentacule a été de 
nouveau examiné en eau de mer pure. 


ro----- 
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INFLUENCE DE DIFFERENTS FACTEURS SUR LE 
DEPLACEMENT DU TENTA CULE ISOLE 


Il a été constaté que divers facteurs influencent la vitesse du déplace- 
ment des tentacules isolés de Metridium. La rigole doit toujours étre en 
position horizontale. De petites souillures, piéces du mucus, bulles d’air 
doivent étre soigneusement retirées du liquide. 


Dans le but de contrdler si le retournement des tentacules a de l’in- 
fluence sur la vitesse de déplacement, nous avons fait une série d’ex- 
périences pour comparer cette vitesse un instant avant le retournement 
avec celle observée immédiatement aprés. 

La vitesse moyenne d’un tentacule isolé d’un mm de longueur dans 
Peau de mer a 19°C comporte, avant le retournement, 18.0 sec/cm; 
aprés le retournement, elle est de: 17.0 sec/cm. 

La vitesse moyenne de déplacement d’un tentacule de 1 % mm dans 
Peau de mer a 19°C a été, avant le retournement, 23.1 sec/cm et aprés 
le retournement 24.2 sec/cm. 

Ceci permet de conclure que la vitesse moyenne montre peu de 
différence avant et aprés le retournement; de plus l’on constate une 
fois une petite accélération et une autre fois un ralentissement du 
mouvement rampant aprés le retournement. On peut donc dire que le 
retournement a peu d’influence sur la vitesse de déplacement des ten- 
tacules. 

Bien que la température de l’eau de mer avait été tenue constante 
pendant les expériences, nous avons pourtant examiné l’influence de la 
température sur le mouvement des tentacules, et des cils par consé- 
quent. Ces expériences nous ont appris que la température exerce en 
effet une influence sur la vitesse de motilité des cils. 

Dans la plupart de nos expériences la température était 20°C en- 
viron. A cette température, nous n’avons pratiquement constaté aucun 
changement dans la vitesse de motilité des tentacules pendant toute 
Vexpérience. Dans la plupart des cas, la vitesse du déplacement d’un 
tentacule isolé de 1 4% mm de longueur a comporté dans l’eau de mer 
18-21°C, une moyenne de 20.5 a 35.5 sec/cm. 

Lorsque la température monte jusqu’a 30°C, la vitesse diminue, 
parfois jusqu’a 85.8 sec/cm et plus; quand la température se baisse 
jusqu’a 5.0°C, elle atteignait en moyenne jusqu’a 45.0 sec/cm. 

Ces expériences ont démontré que par élévation tout comme par 
abaissement de la température de l’eau de mer au dessous de la 
moyenne, il se présente un ralentissement des mouvements des cils 


vibratiles. 
Si on ajoute a l’eau de mer une solution de la substance a examiner, 
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il est possible que le pH de l’eau de mer change; ceci pourrait avoir 
de Vinfluence sur la fonction des cils vibratiles. C’est pour cela que nous 
avons mesuré le pH de l’eau de mer avant et aprés apport de la 
solution. Ces mesurations nous ont appris que les changements du pH 
survenus aprés lapport des substances pharmacologiques ont peu 
d’influence et sont négligeables. (Le pH de eau de mer comportait 


F307 257.) 


LES RESULTATS DE L’EXPERIENCES AVEC DIFFERENTS 
SUBSTANCES PHARMACOLOGIQUES 


Avant de nous servir des solutions des drogues, nous avons toujours 
contrélé la vitesse moyenne du déplacement de chaque tentacule. Nous 
avons vu que quelques heures aprés l’isolement, elle restait la méme 
qu’au début. La vitesse maximale d’un tentacule a été 9.9 sec/cm. 

Ainsi que nous l’avons dit plus haut, la vitesse de déplacement des 
tentacules isolés de Metridium a été mesurée 20 fois de suite dans le 
petit appareil, et mise en graphique. Si le résultat de action de la 
substance a examiner sur la vitesse du déplacement du tentacule ne se 
montrait pas assez nettement, nous avons employé la méthode de test 
mathématique selon Wilcoxon pour pouvoir nous convaincre de la 
signification des résultats obtenus. 

Nous donnons ici en example des vitesse avec lesquelles un tentacule 
isolé peut se déplacer dans l’appareil, ’expérience faite avec un ten- 
tacule isolé d’un mm de longueur dans l’eau de mer pure a 17°C; 
26.2°"294 590.9% 33.45 185.9° 20.9) 90.00 25.1: 190.0 0G ie nan 
89.8: 90.43 31.9% 3h.42-30.05 32.9" -94.79. 08 5 9210. Ina Vvitessenue 
déplacement a donc comporté en moyenne 30.8 sec/cm. 

I] faut remarquer que les tentacules rampent un peu plus vite au 
fond du réservoir que dans la rigole de l'appareil. Ceci est causé sans 
aucun doute par la position moins favorablée occupée dans la rigole et 
non par vibration plus rapide ou plus lente des cils vibratiles. 


INFLUENCE DES SUBSTANCES ADRENERGIQUES 
ET CHOLINERGIQUES 


L’influence de l’adrénaline et de la noradrénaline sur le déplacement 
@un tentacule isolé a été examinée dans une série d’expériences, les- 
quelles ont démontré que l’adrénaline et la noradrénaline en solutions 
de 107 et ro~ exercent déja une influence marquée sur la vitesse du 
mouvement ciliaire. Le tableau I reproduit quelques-unes de ces 
expériences. 
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TABLEAU I. 
Eaqtatlenee t° Longueur du C SnERAt E 1 5 Soluti 
; Penta loncentration jau de mer Solution Eau de mer 
naijiy gh oe (OP AVS Soohitay ANG LOm” 18.0 15.0 it WB 
Wein ak eC, sees Gata NGigmn Ome 16.6 13.5 16.0 
23/154 19°C 144 mm Noradr. 1075 20.9 17.0 20.0 


(tous les nombres reproduisent le temps nécessaire au parcours d’un cm) 


Les expériences mentionnées permettent de se convaincre facilement 
de ce que l’adrénaline et la noradrénaline accélérent les mouvements 
des cils vibratiles des tentacules isolés de Metridium et qu’elles le font 
dés basses concentrations. 

Le chlorure d’acétylcholine s’est montré d’action toute différente 
sur les mouvements des cils de tentacule isolé. Tandis qu’adrénaline et 
noradrénaline ont pour résultat une accéleration du mouvement des 
cils vibratiles, l’acétylcholine a toujours exercé une inhibition. De 
méme que dans les expériences avec adrénaline et noradrénaline, 
nous avons toujours recherché lors d’emploi d’acétylcholine quelles 
étaient les plus petites concentrations de cette substance capables de 
provoquer l’apparition de changements dans l’activité des cils vibra- 
tiles du tentacule isolé. Ces expériences ont démontré que lacétyl- 
choline en concentration de 1o~* cause un retardement bien marqué de 
la vibration des cils. Une concentration de 107° a causé de méme un 
ralentissement du mouvement ciliaire, mais pas dans tous les cas. 

Les deux expériences ci-dessous peuvent servir d’exemple quant a 
Paction de l’acétylcholine sur les mouvements des tentacules. 


TABLEAU II. 
Expérience fo Longueur du Concentration Eau de mer Solution Eau de mer 
tentacule 
12/2754 18°C Imm ity © 20.5 27.2 21.7 
15/2754 18°C 2mm TOM 16.5 32.6 23.2 


(tous les nombres donnent le temps nécessaire au parcours d’un cm) 


Ces expériences montrent que l’acétylcholine exerce une action net- 
tement inhibitoire sur les mouvements des cils d’un tentacule isolé. On 
constate par conséquent qu’en ce qui regarde le mouvement ciliaire du 
tentacule isolé, l’action de l’acétylcholine est antagoniste de celle de 
Vadrénaline et de noradrénaline. 

A cété de Vaction du chlorure d’acétylcholine nous avons étudié 
aussi l’influence du chlorure de mécholyl sur les mouvements des cils 
vibratiles du tentacule isolé. Cette substance, elle aussi, a manifesté une 
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action inhibitoire sur Jes mouvements des cils. Une solution de 107° en 
eau de mer a exercé une influence freinante marquée sur les mouve- 
ments des cils. Voici le rapport d’une expérience qui illustre cet effet 
du mécholyl. 

Expérience du 11/3 1954; t°-19°C. Longueur du tentacule 1 mm. 
Concentration du mécholyl en eau de mer: 107°. Vitesse de déplace- 
ment en eau de mer pure: 23.3 sec/cm; en solution de mécholyl: 
34.6/cm; en eau de mer pure: 25.8/cm. 


L? INFLUENCE DE NICOTINE ET STRYCHNINE 


Aprés avoir déterminé que l’adrénaline et l’acétylcholine ont une 
action nette sur les mouvements des cils du tentacule isolé, il nous a 
paru important de savoir si les substances pharmacologiques qui 
agistent sur les éléments nerveux par excellence, ont aussi une influ- 
ence sur les mouvements des cils du tentacule isolé de Metridium. Les 
recherches de LEcuissA (1948) ont démontré qu’il y a tissu nerveux 
dans les tentacules des Actinies. C’est pour cela que nous avons encore 
examiné quelques substances ayant une action directs sur le systéme 
nerveux des Vertébrés tout comme des Invertébrés, notamment la 
nicotine et la strychnine. 

Ces substances alles aussi ont été appliquées en une solution de basse 
concentration que nous avons élevée graduellement. 

Les expériences a la nicotine en eau de mer ont démontré qu’en 
concentrations de 10~*, 107°, et 1074 cette drogue n’a pas d’influence 
sur les mouvements des cils du tentacule isolé de Metridium. Le nitrate 
de strychnine a donné le méme résultat. Aprés Paddition de la drogue 
a. l'eau. de mer;.en, concentrations.deq10-*, 10>, ets107 ilemlens ect 
produit aucun changement du mouvement ciliaire. La nicotine et la 
strychnine lesquelles, dans les concentrations employées, ont une action 
marquée sur le systéme nerveux central et périphérique chez les 
animaux supérieurs, n’ont manifesté aucune influence sur les cils de 
Metndium. Ce fait est vraisemblement explicable par absence d’une 
innervation des cellules des cils vibratils, ce que BuRN et ses colla- 
borateurs supposent eux-aussi. Les hormones, adrénaline et acétyl- 
choline, doivent avoir par conséquent une action directe sur la vibra- 
tion ciliaire. Les résultats de nos recherches s’accordent bien, en ceci 
aussi, avec l’expérience acquise par BurN et ses collaborateurs. 


RESULTATS DES EXPERIENCES 


L’action de quelques substances pharmacologiques a été examinée 
quant a leur influence sur les mouvements des cils de petits tentacules 
isolés de Metridium senile. On a fait Pusage pour cela du déplacement de 
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tentacules isolés, qui a lieu grace a leur vibration ciliaire. Nous avons 
déterminé le temps nécessaire (sec.) au tentacule isolé pour parcourir 
10 mm dans un petit appareil construit spécialement a cet effet. 

Aprés la détermination de divers facteurs (tel que t®° et pH) qui 
influencent la vitesse du mouvement des cils en eau de mer pure, nous 
avons examiné l’action de quelques substances pharmacologiques. II a 
été démontré ainsi que l’adrénaline et l’acétylcholine ont, chez Metri- 
dium, une action différente et antagoniste sur la vitesse du mouvement 
ciliaire. 

L’adrénaline et la noradrénaline ont une action accélératrice sur le 
mouvement des cils. Les résultats de nos expériences s’accordent en 
ceci avec ceux de l’étude de Burn et de ses collaborateurs, lesquels ont 
observé de méme une accélération des vibrations ciliaires aprés l’adré- 
naline. Chez Metridium, la noradrénaline a de méme une action accélé- 
ratrice sur le mouvement des cils. Chez Mytilus, on n’a pas observé 
d’accélération de ce mouvement par cette drogue, selon Burn. 

Nos expériences nous ont permis de plus de déterminer que l’acé- 
tylcholine exerce une action inhibitoire sur les mouvements des cils 
des tentacules isolés de Metridium. Selon Burn, chez Mytilus, acétyl- 
choline a une influence accélératrice sur le mouvement ciliaire. Il y a 
donc une différence dans l’action de l’acétylcholine sur les cils de 
Metridium un Coelentéré, et ceux de Mytilus, un Lamellibranche. 

Finalement, nous avons pu déterminer que la nicotine et la strych- 
nine, substances agissant principalement sur les éléments nerveux, 
n’ont pas d’influence sur le mouvement des cils. Basés sur ces résultats, 
nous pouvons conclure que les hormones adrénaline et acétylcholine 
ont une action directe sur les cellules cilizires de Metridium. 
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B. SCOPE OF RESEARCH AND PROBLEMS INVOLVED 


Littorina obtusata (L.) is one of the few animals in the Netherlands whose 
distribution is strictly limited to the intertidal belts of stony sea shores. 
The principal aim of this investigation was to find out the causes of 
this phenomenon, in particular why the snail does not occur above or 
below the littoral belt. 

Field observations soon showed that the presence of certain brown 
algae is a conditio sine qua non for the occurrence of Littorina obtusata, 
a fact which had already been stressed in the literature on the subject 
and also by Eppince WuBBEN, as I found out later. The algae are in 
their turn restricted to certain levels of the tidal zone. Consequently, 
the problem fell into two distinct parts, viz.: 

1. the question what is the exact nature of the connection between the 
snail and these algae; 

2. the question whether, apart from this connection, there also exists a 
direct relation of the animal to the abiotic environment of the tidal 
zone, and, if so, what is the nature of this relation. 

My own research chiefly dealt with the first problem, whereas the 
second problem was particularly studied by EssinceE WuBBEN, who 
also worked on the combined influence of the algae and the abiotic 
factors. 

Since such a close relation exists between the occurrence of Littorina 
obtusata and certain brown algae it seemed useful to describe briefly 
the algal zonation in the regions that were studied. This has been done 
in the chapters of part III, since the algae mainly affect the vertical 
distribution of the snail. 

Littorina obtusata comprises a number of more or less distinct varieties. 
The field investigations made clear that part of these varieties differ 
not only in a morphological, but also in an ecological respect. Experi- 
ments in the laboratory confirmed this view in respect of two varieties. 

I also made observations with regard to the horizontal distribution 
of Littorina obtusata, the results of which will be set out first. 


Il. THE HORIZONTAL DISTRIBUTION AND ITS GAUSES 
A. THE HORIZONTAL DISTRIBUTION 


1. The distribution of the species as a whole 


Littorina obtusata occurs on both sides of the North Atlantic up to the 
Arctic Ocean (S. Greenland, White Sea). It is an essentially northern 
species, which is not found farther south than Cape Cod (Mass., 
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U.S.A.), the Straits of Gibraltar and the Azores (DAUTZENBERG and 
FIscHER, I9I4). 

In the Mediterranean the species is mentioned from two localities 
only: Malaga and Corsica. 

It is not found in the Baltic, except in its westernmost parts. 


2. The subspecies and their distribution 


The subspecies of Littorina obtusata have been dealt with by Dautzen- 
BERG and FiscHER (1914). Both the eastern coasts of North America 
and the western coasts of Europe are inhabited by the subspecies 
littoralis. It gradually merges into the arctic subspecies ¢typica, in N. 
America via the variety palliata, in N.W. Europe via the variety 
compacta, both considered to belong to the subspecies Jittoralis (see also 
CoLMAN, 1932). Accordingly, animals of the European variety compacta 
become more numerous towards the North (see table m). Even in 
N. Scotland I found transitional forms between this variety and the 
subspecies typica. These forms (along with typica proper) are also 
present among material from Reykjavik, Iceland, in the National 
Museum of Natural History at Leiden. The transitional forms con- 
stitute a large part of the total L. obtusata-population at Narvik 
(table 11), which is situated on the very borderline between the two 
subspecies. Characteristic typica are still scarce there. 

The subspecies Jzttoralis is to be found as far north as Labrador, 
Iceland and the Lofoten (Norway), the subspecies typica inhabits the 
coasts of Greenland, Iceland, northern Norway, N. Finland, N. Russia 
and probably also parts of N. Canada. 

Unless otherwise stated this paper deals only with the subspecies 
littoralis. 


3. The varieties and their distribution 


It is well known that Littorina obtusata shows extreme variations in 
colour, and, to a less extent, in the shape of its shell. 


Before discussing the distribution of the varieties, it is worth while to consider their 
taxonomical validity. Do they indeed represent true varieties or merely sex or age 
differences or phenotypical variations ? In the following I shall restrict myself to the 
colour varieties. 

The possibility of phenotypical variation may be excluded. According to LINKE 
(1934) current velocity, salinity and illumination have no influence upon the colour 
of the shell in the genus Littorina. Other important habitat factors might be the food 
(i.e. the species of algae consumed) or the level within the tidal zone, on which 
depends a complex series of factors, such as desiccation, temperature, fresh water 
influence, and illumination. We can find nearly all colour varieties, however, in 
conjunction with every species of algae and at every level. 

The possibility of sexual dimorphism must be rejected in view of the observations 
made by PELSENEER (1920). See also LINKE (1934). 
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As to the third point, I think it quite possible and even probable that part of the 
varieties represent merely different age stages. This holds in particular for the variety 
reticulata, which I consider to be a juvenile stage of the variety fusca on. account of 
the following facts: 


1. The variety reticulata is generally smaller. 

2. In growing fusca the youngest part of the last whirl is often reticulate. 

3. | was able to make even plain brown individuals. completely reticulate by 
removing the continuous brown outer conchyoline layer with the aid of hydro- 
chloric acid. The latter assumed a brown colour then. Something similar occurs 
in nature, where in old individuals of the variety fusca the brown layer of the 
oldest whirl often wears away, thus revealing the reticulate pattern. 

Further, the variety inversicolor probably always starts life as albescens or citrina, 
for in young specimens of inversicolor the dark bands are still very inconspicuous?. 

Finally, there is the question of the varieties citrina and olivacea and their relation. 
This is especially important since the experimental work was done with these two 
varieties. , 

First of all, it must be remarked that the green colour in Littorina obtusata is 
partly, sometimes even wholly, due to a cover of unicellular green algae, which can 
be removed by scratching them off or by boiling the shells in concentrated lye, 
which is then coloured green by the dissolving chlorophyll. These algae are sometimes 
present on the shells of citrina and they are then the only cause of the (bright) green 
colour. The algae seem to be invariably present on olivacea, but this variety also has 
an (olive) green colour which cannot be extracted by boiling lye, not even after 
application of hydrochloric acid which dissolves the outer shell layers. This colour 
must therefore be due to a pigment produced by the animal itself, and not to algae, 
endolithic species included. 

One might be inclined to believe that the variety citrina represents a juvenile 
form of the variety olivacea in view of the following facts: 


1. Specimens of cztrina are generally smaller than those of olivacea. 

2. Individuals of an intermediate colour, marbled yellow and green ones, and green 
animals with a yellow zone near the mouth, can all be found, whereas yellow 
specimens with a green growing zone do not occur. 

Nevertheless, I am of opinion that citrina is a distinct, independent variety, since: 

1. One will find big yellow specimens and small green ones. 

2. The calcareous inner layer of the shell is white in citrina, dark violet in olivacea, 
which is visible on the parietal innerside of the mouth. It may also be seen on the 
outer surface of the shell, after removal of the conchyoline layer with acid. 

3. The animals of the variety citrina are unpigmented and cream-coloured, those of 
the variety olivacea are highly pigmented and dark grey or black. Transitional 
forms between the two extremes do indeed exist, but they are far less frequent than 
those between the extremes of shell colour. 

4. In several regions the variety citrina is the only one found. This holds, for instance, 
for the Marsdiep near Den Helder and—according to DauTzENBERG and 
FiscHER—for parts of Normandy. 

I am therefore inclined to believe that, though some of the “‘varieties’’ described 


possibly represent nothing but age stages, most of them must be regarded as true 
varieties. 


* This need not mean that every individual of albescens or citrina will develop into 
inversicolor, for we can find very old citrina individuals without any trace of dark 
bands. It does mean, however, that what we call albescens and citrina must represent 
heterogeneous units from a taxonomical point of view. 


DISTRIBUTION AND ECOLOGY OF LITTORINA OBTUSATA S27 


If, now, we turn our attention to the distribution (and ecology) of the 
varieties, we should first of all realize that the colour varieties are more 
important than the form varieties, since the latter show many transi- 
tions and are often difficult to distinguish, particularly when juvenile. 
Moreover, according to LinKE (1934), the so-called form varieties 
possibly represent nothing but different phenotypes. Finally, form and 
colour may vary independently in Littorina obtusata. We will therefore 
consider the colour varieties regardless of their form. 

The second point which must be stressed is that differences in 
distribution between the various varieties are mainly a matter of 
density. Now, the numbers of individuals found in a certain locality, 
partly depend upon the density of the algal cover, which shows con- 
siderable local variation. It is therefore more reliable to compare 
figures that give the percentages of the total number found in a given 
locality or habitat than numbers of individuals. This has been done 
in tables 1 and m1. 


LOCALITIES 


On the island of Schouwen (Holland) one transect was studied, on the dike near the 
western end of the south shore, near Burgsluis. The localities near Den Helder 
(harbour and sea dike) and on the neighbouring island of Texel (E. coast near 
‘Oude Schild) are indicated in fig. 1. In N.W. Scotland four transects were studied, 
three near Lochinver (W. coast) and one near Bettyhill (N. coast), both situated in 
Sutherland (see fig. 2). In S. Brittany two localities were studied with one transect 
each, viz. the E. coast of the peninsula of Quibéron near St. Julien, and the S. coast 
of the peninsula of Pont l’Abbé (Quimper), South of Loctudy. In N. Norway one 
transect was studied, near Hakvik, S.W. of Narvik, on the S.shore of the Ofotfjorden ; 
this firth is 5 km broad near Hakvik, but in places narrows to 3 km towards the sea. 

Near Den Helder, on Texel and’on Schouwen the shore is an artificial dike of 
basalt stones, in all other places a natural rocky shore, only in Brittany interrupted by 
sandy beaches, and stretches with sand behind and among the rocks. Near Narvik 
and at Lochinver B the water was slightly brackish, perhaps also near Bettyhill. 

All observations were made at low tide and in summer, near Den Helder at the 
end of June, on Schouwen in the middle of September, in the other localities in the 
beginning of August. 

On each alga species in each of the transects of the different localities 30 minutes’ 
collecting was done, except in Narvik (15 min.) and Den Helder (time not noted). 
Since the number of transects studied and of algae present within each transect were 
not the same everywhere, the total time of collecting was different (Scotland 5 
hours, Brittany 4 hours, Schouwen 2 hours, Narvik 1 hour). Table I gives the total 
numbers of animals collected in each region, and the numbers when reduced to 
1 hour’s collecting. 

In order to get purely geographical data, habitat factors had to be eliminated as 
far as possible. For each locality the animals from all habitats (sheltered as well as 


1 Transitions also occur, though more rarely, between various colour varieties. 
Besides, we may find combinations of colour patterns. To the combination inversicolor- 
reticulata mentioned by DAUTZENBERG and FiscHER I can add a combination zonata- 


reticulata. 
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exposed, from all different levels and algae) have therefore been taken together. Tn 
this way the shelter (exposure) factor was eliminated, except in the cases of Narvik 
and Schouwen, where only a single transect could be studied: one on a rather 
sheltered coast near Narvik, the other on a rather exposed shore on the island of 
Schouwen. The animals were always taken from the same set of 4 algae, viz. the 3 
Fucus species and Ascophyllum nodosum. Therefore, the Scottish animals, collected on 
Laminaria, have not been taken into account, since no collecting was done on this 
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Fig. 1. Localities of observation near Den Helder and on the island of Texel. 


kelp in the other places. In the Scottish transects not all of the 4 Fucaceae were always 
present. In this case a correction was made. 

In the early stages of the field work no distinction was made between var. citrina 
and var. albescens (see DAUTZENBERG and FiscHER, 1925). The latter has therefore 
been included here in the former variety in all tables. 


It follows from table1 that variability in colour is greatest in S. Brittany 
and Scotland, smaller near Den Helder and particularly on the island 
of Schouwen. The absence of a few rare varieties from Narvik may be 
accidental and merely the result of a too small total number of animals 
collected there. 

The variety fusca is undoubtedly most abundant in Scotland. The 
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same applies to var. ziczac, which is atypical in Brittany. A distinctly 
northern distribution is only shown by var. rhabdota. 

In spite of the very small percentage of var. alternata in S. Brittany, 
statistical calculations, for which my thanks are due to Dr. H. R. van 
DER VAART, proved that this variety has a significant preference for 
that coast. This does not apply to var. rubens. 

Not too much value should, however, be attributed to the figures 
for var. olivacea and citrina, since their relative abundance varies much 
more within one region than between two different regions: for var. 
olivacea it varies from 11 to 58% in Brittany, for var. citrina it varies 
between 25 and 55% in this region, between 30 and 92% near Den 
Helder and from 4 to 50% in Scotland. 


As to the form varieties, it is evident from table II that the variety retusa is most 
abundant in the South (Brittany, Schouwen) and becomes scarcer towards the 
North, but it is still recorded as far north as the Lofotes near Narvik (DAUTZENBERG 
and FiscHER, 1914). Statistical calculations proved that there is neither a significant 
difference between the percentages for Brittany and Schouwen nor between those 
for Den Helder and Scotland, but the variety is decidedly more abundant in the 
former two regions than in the latter two and more so in the latter than at Narvik. 
We must bear in mind, however, that the form varieties are perhaps nothing but 
phenotypes, in which case this observation would mean that a warmer climate 
favours the development of a retusa modification. 


B. THE CAUSES OF THE HORIZONTAL DISTRIBUTION 


1. Abiotic factors 


a. Temperature. There is little doubt that the existence of well defined 
southern limits of the species as a whole must, as in so many other 
species, chiefly be accounted for as a matter of temperatures. Perhaps 
the same is true of its northern limits. 

Both in N. America and in Europe the distribution of the snail 
extends southwards to a point where a steep upward gradient of the 
sea temperature is observed. In the U.S.A. the southern limit is to be 
found near Cape Cod, an important zoogeographical barrier for many 
marine animals. Here the cold Labrador and the warm Florida currents 
meet (FLATTELY and WALTON, 1922; JOHNSON and SkuTcH, 1928; 
DExTER, 1947). The average temperature for July at Cape Cod is.20° 
Celsius. In Europe the southern limit lies near Gibraltar, where the 
average temperature of the surface water in the warmest month of the 
year (August) is 21° C, which suddenly becomes 24° as soon as we 
enter the Mediterranean. It therefore seems probable that the summer 
temperature determines the southern limit of the species. Of course, 
what we ought to know are the maximum day temperatures to which 
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the surface of the algae on which Littorina obtusata lives, may be exposed 
during low tide. These temperatures are not known, but they will 
certainly be higher than those of the sea water. Lethal maximum 
temperatures might therefore account very well for the southern limit. 
According to Hayes (1929) adult animals become inactive at 25°, 
while eggs are stated to die at 26° C. 

In America the problem of the southern limit is less complicated 
than in Eurafrica: south of Cape Cod the shore is continuous and 
inhabited by Ascophyllum nodosum as far south as New Jersey, by Fucus 
vesiculosus even as far as North Carolina. East of Gibraltar not only is 
the temperature much higher, but Fucus and Ascophyllum are absent 
too. South of Gibraltar, on the Atlantic coast of Morocco, where the 
snail is absent, Fucus spiralis and vesiculosus are found, often forming 
dense vegetations. What is more, the temperature of the sea water does 
not exceed 18° C in many places. Perhaps the Straits of Gibraltar are 
in the nature of a geographical barrier to the snail, but in view of its 
total area of distribution, in which much larger geographical disjunc- 
tions are found, this hardly seems probable. Dr. J. FuRNeEstrn, Director 
of the Zoological Station at Casablanca, suggests in a letter to me that 
the Straits of Gibraltar might represent a thermal barrier, since a 
superficial sea current of more than 22° C enters these Straits from the 
Atlantic. But the barrier only exists in summer. I consider it more likely 
that the maximum air temperature is the limiting factor herel. 

Though L. obtusata is found in Greenland, it is absent from the 
northern parts, e.g. from the bay of Upernavik on the N.W. coast, 
although this bay is sheltered and Fucus is still present even in the 
intertidal belt (MaApsEN, 1940). Probably the temperature is responsible 
for the absence of the snail. Since L. obtusata can stand temperatures of 
minus 30°C, even for a long period (DEXTER, 1947), it seems probable 
that it is not the low winter temperatures which constitute the limiting 
factor here, but the low summer ones, preventing the snail from 
spawning. 

Itis, however, quite possible that in the Arctic Ocean the low salinity 
especially of the surface layers near the coast (melting ice) also forms 
an important factor, since L. obtusata is very sensitive to low salinities 
(see below). 


b. Salznity. The species does not occur in the Baltic east of the Neu- 
stadter Bucht (Germany) and Landskrona (Sweden). Since one of the 


* The lethal temperature seems to be much lower when the animals are exposed to 
the air (snails inactive at 25° C.) than in case of submergence (higher than AO 6 
according to GOWANLOCH and Hayes, 1926; the data of these authors seem not to 
be very reliable, however). 
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algae, vital to its existence, viz. Fucus vesiculosus, penetrates into the 
Baltic even up to the Gulf of Finland (SrcErsTRALE, 1928, 1944), it 
can hardly be doubted that low salinity is the limiting factor here. 
The average surface-salinity near Neustadt-Landskrona is about 15/5, 
in February, about 12°/), in June. The lack of tides cannot be 
essential, see below. The snail was also absent from the former Zuider- 
zee south of the island of Wieringen, though Fucus was found there. 
According to VERWEY (verbal communication) the average salinity 
was about 22°/o) there, but variations were considerable, ranging from 
something like 12 to 28°/). According to Essince WusBeEn the species 
occurs throughout the rather salt Eastern Scheldt (average salinity 
about 28°/5)), but in the brackish Western Scheldt it has been found 
up to Hansweert only. In Scotland I was able to establish that the 
snail is absent from brackish estuaries. In literature too, its absence 
from estuaries (N. America) is reported (see HAsEMANN). 

The species is very sensitive to fresh water (COLGAN 1910, and 
PEARSE 1929). Experiments made by HERTLING (1928) showed that 
the development of the eggs ceases at or below 25°/o) total salinity. 
Animals from water with high salinities soon die in water of about 
15 °/o9- But from the data mentioned above it will be evident that the 
species can stand somewhat lower salinities in nature. 

EBBINGE WuBBEN already pointed out that the animals living within 
brackish habitats may be more tolerant to low salinities than those 
living on open sea shores. They have probably grown adapted to low 
salinities in the long run, a phenomenon to be met with in many 
organisms. 


c. Watermovement. The magnitude of the tidal amplitude does not seem 
to influence the occurrence of Littorina obtusata. It is even found in 
places where the tides are practically nil (Gullmar Fjord in W. Sweden). 
Its absence from the Baltic and the greater part of the Mediterranean 
is due to other factors (see pp. 29-31 and 35-36). 

Neither does the species appear to be affected by strong tidal 
currents, provided they do not entirely remove the algae on which it 
depends: in Brittany, according to Fiscuer, the snail is found in tidal 
channels with current velocities up to 17 km an hour. 

Strong surf, however, cannot be tolerated. Special attention has been 
given to the influence of surf during the observations in the field. In 
Brittany, Den Helder, and Scotland, stations with various degrees of 
shelter and exposure were examined, the most complete series being 
the Scottish one. 


1 According to OKLAND (1933) L. obtusata is found near Tromé in the Skagerrak 
(Denmark) in water with a salinity ranging from 10 to 15°/o9. 
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In Brittany the eastcoast of Quibéron is slightly more sheltered than 
the S. coast near Kergoff (Pont l’Abbé). Near Den Helder the surf 
gradually increases as one moves away from the harbour towards the 
open sea (Huisduinen) (fig. 1). In Scotland the intensity of the surf 
increases in the sequence Bettyhill, Lochinver B (very small, N. exposed 
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Fig. 2. Areas investigated in N. Scotland. 


bay), Lochinver C (very small, S. exposed bay) and Lochinver D 
(Kirkaig Point, extreme W.) (fig. 2). 

That strong surf cannot be endured is proved by the fact that the 
species is absent from surf-beaten coasts, even where Fucaceae are still 
present, for instance on the massive piers of IJmuiden and Hook of 
Holland and on the North sea dike from Camperduin to Petten (Hol- 
land), where there is no sand to interfere with them. The snail is also 
absent from all smaller breakwaters along the sand beach of the Dutch 
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coast; these are partly covered with Fucaceae, but here the sand from 
the shore immediately around might be an adverse influence. 

Surf may affect the animals directly, but also indirectly, through 
the algae, which are likewise influenced by the surf. 

The direct influence of surf appears to be a complicated one. The 
lower limit of the vertical range on the shore shifts to higher levels 
(both in L. obtusata and L. littorea) when we go from sheltered to surf- 
beaten stations. In the harbour of Den Helder, where there is no surf 
at all, the range of L. obtusata extends downward to just below 
M.L.W.S., thus including the Fucus serratus-belt. Along the Marsdiep 
the lower limit rises with increasing surf towards the open North Sea. 
Consequently, the lowermost zone (that of Fucus serratus) does not 
contain L. obtusata along the western part of the dike. The variety 
olivacea, being the more sensitive to surf action of the two varieties 
present near Den Helder, is wholly absent here, whereas the variety. 
citrina, which otherwise has a strong preference for Fucus serratus, is 
confined to the higher growing Fucus vesiculosus for which it has a less 
pronounced liking. For these reasons the species as a whole is much 
less abundant there. Still farther West, where the dike faces the North 
Sea, the variety cztrina (and so the whole species) is completely: absent, 
though Fucaceae are still present. 

As stated above, the animals are also affected by surf through the 
algae. Increasing surf causes the algae to disappear, one species after 
another. Now, the sequence, in which the Fucaceae disappear, is not 
the same in all places. In Brittany, Fucus serratus is the last to disappear, 
but where surf is so strong that only this kelp is left, this very surf makes 
life at the Fucus serratus-level impossible to L. obtusata. Consequently, 
the snail is absent from the shore there. But where Fucus vesiculosus is the 
most surf resistant alga, as in N.W. Scotland, L. obtusata may still be 
present in places where only this alga is left (table x). 

The influence of surf on the distribution of the varieties is evident 
from tables rv and x1. In order to eliminate the specific influence of the 
algae I have summarized in table xm the numbers of animals found on 
Fucus vesiculosus, the only alga species that is found on all the shores, 
from the most sheltered to the most exposed, of the Scotland series, 
which is the most complete one. 

It follows from the tables that not all obtusata-varieties show the same 
degree of surf tolerance. The varieties olivacea and fusca are most 
abundant on sheltered coasts, though fusca is still rather plentiful on 
strongly exposed shores in Scotland and even seems to prefer a slight- 
ly exposed habitat in Brittany. The variety oliacea shows the same 
distribution in Brittany and Den Helder as in Scotland: near Den 


1 The same situation is encountered on the so called Wierhoofd near Den Helder. 
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Helder its frequency along the exposed Marsdiep is o-2%, in the 
northern part of the harbour about 15%, in the southern part 
about 40 % of the total population. 

Var. inversicolor prefers a somewhat less sheltered habitat, and the 
varieties citrina and ziczac are mainly found in moderately exposed 
stations. Of var. citrina this is also true in Brittany and near Den 
Helder. 

If we compare these statements with the preference of the varieties 
for the various algae and with the influence of surf intensity upon these 
algae, we can find out to what extent each variety is really “surf- 
loving”’ or “‘surf-tolerant’’, or how far this is only apparent and due to 
the influence of surf on its favourite alga species. Finally, we can check 
the result thus obtained by comparing it with table xm (behaviour of 
the varieties in different surf intensities on one and the same alga 
species). 


Example: Var. citrina is most abundant on shores with medium surf intensity (table xr). 
So we are confronted with two problems: 1. Why is it less abundant on more 
sheltered shores? 2. Why is it less abundant on strongly exposed shores? From table 
XV it is evident that var. citrina prefers Fucus serratus. This alga is found on the most 
sheltered shores (Bettyhill, table x) ; so we may conclude that absence of surf seems 
to influence “‘directly’’ (at any rate not through the algae) the abundance of this 
variety. On strongly exposed shores (Lochinver, W. point; table x) F. serratus is 
not found however. Consequently, this fact no doubt partly accounts for the reduced 
density of the variety citrina there, since the other alga present (F. vesiculosus) is less 
frequented by the snail on all types of shores. But here, too, the existence of an 
(additional) ‘‘direct”’ surf influence cannot be denied, for it appears from table xu, 
that even on the same alga ( Fucus vesiculosus) the abundance of var. citrina decreases 
towards the open sea. 


Hence, considering only “direct”? surf influence, we may probably 
conclude that the varieties fusca, olivacea, and inversicolor are not or 
hardly surf resistant, whereas the variety citrina is able to stand some 
surf. It is further probable that the varieties citrina, inversicolor, and 
zuwzac do not thrive where surf is weak. Of course, this may be due 
to other influences and not to the absence of surf as such, but at any 
rate it is not due to the algae. 


As to the form varieties, it is evident from table xm that they are increasingly surf- 
loving in this sequence: compacta, retusa, pachychila, vittata, and it follows from table 
XIV, that, as far as var. compacta and vittata are concerned, this is a “‘direct”’ effect of the 
surf. But according to LInKE (1934) watermovement has a strong influence upon the 
shape of the shell in the genus Littorina. If this is also true of L. obtusata (but it is 
somewhat contradicted by the fact that nearly all varieties were found in various 
states of exposure), this would of course mean that in quiet water the shells develop 
into compacta and retusa forms, in heavy surf into pachychila and vittata forms. It is 
remarkable that on strongly exposed shores the individuals of all ‘‘varieties”? remain 
very small and develop very thin and brittle shells. 
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d. Substratum and suspended matter. Littorina obtusata lives on the fronds of 
large sea-weeds. Substratum and suspended matter therefore may 
indirectly affect the distribution of the snail by affecting these algae, 
causing them to disappear. A direct influence of the substratum is only 
possible where surf is so strong that the animals are detached from the 
algae, a direct influence of suspended matter is only to be met with 
where the water is so quiet that the suspended particles are deposited 
on the algae and animals. 

As to the direct influence of the substratum, we have seen that L. 
obtusata is absent from the surf-beaten piers along the sand beach of the 
Dutch coast. This might be due to surf action alone, but probably the 
presence of sand also has an adverse influence, not only on account 
of its scoring action, but also because animals that are detached from 
the algae and fall on to the sand, appear to be lost. In the laboratory 
I observed that the snails can hardly move on sand, and when trying 
to do so, the entrance of their shells is filled with sand and the animals 
are soon suffocated. Where surf is weak, however, so that the animals 
are not detached from the sea-weeds, the snail can live in the presence 
of sand: in S. Brittany I found it on algae attached to boulders which 
were scattered over a sand beach in a sheltered bay. Yet, many dead 
animals were found on the sand. 

As to the direct influence of suspended matter, algae and animals 
are continually covered by it in places where the seawater contains 
large quantities. Where currents are strong, this silt is readily removed, 
but in quiet water the whole substratum is smothered. This probably 
accounts for the fact that we do not find the snail on the stony dike 
in the muddy southern part of the harbour of Den Helder, nor on tidal 
mud flats, although Fucus is present in both cases. 


2. Biotic relations 


Only the relation between L. obtusata and the Fucaceae on which it 
depends will be discussed in this paper. This relation is of primary 
interest with regard to the vertical distribution of the snail and will 
consequently be dealt within more detail in part III. It is, however, also 
of interest in connection with the horizontal distribution of the snail, 
since the latter can not live in regions where Fucaceae are absent. The 
absence of L. obtusata from these regions is, however, generally due to 
abiotic factors, influencing directly both snail and sea-weeds. In a few 
cases only its absence seems to be caused by the absence of Fucaceae, 
e.g. in places where these algae have been removed by the scouring 
effect of floating ice or by man. 

L. obtusata has been reported from two localities in the Mediterranean, 
viz. Malaga and Corsica. In the whole western part of this sea Fucus 
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and Ascophyllum are absent, the only Fucaceae found there being 
Sargassum and Gystoseira. The species of both genera live in the sublittoral 
belt. Only Cystoseira mediterranea reaches low water mark and might 
therefore be suitable for our Littorina. As this alga is widespread along 
all coasts of the Mediterranean, it is hardly understandable why L. 
obtusata should be limited to Malaga and Corsica and be absent from 
the cooler coasts of S. France. I therefore doubt the correctness of the 
record concerning Corsica. As to Malaga, it might very well be that the 
Littorina found here was cast ashore along with algae from the Atlantic. 
From this very locality there are reports of atlantic algae, a.o. Fucus 
axillaris, having been cast ashore. This Fucus, closely related to Fucus 
vesiculosus, grows W. of Gibraltar and is probably the species on which 
L. obtusata lives in S.W. Spain. We may therefore assume that L. 
obtusata is absent from the whole Mediterranean. 

Only one Fucus species is indigenous in the Mediterranean. This is 
Fucus virsoides, which is closely related to Fucus spiralis; it is limited to 
the Adriatic Sea. The absence of L. obtusata from this sea may be due 
to a lack of accessibility or to unfavourably high temperatures, for 
even in the northernmost part of this sea the average temperature of the 
surface water in August is 24 C°, which is too high for the snail 
(seep. 20): 

Our conclusion is that the absence of L. obtusata from the whole 
Mediterranean basin may be explained as being due to high tem- 
peratures and lack of accessibility, except perhaps for the cooler coasts 
of S. France where the absence of suitable Fucaceae might be respon- 
sible. The influence of these algae on the horizontal distribution of the 
snail therefore appears to be very slight and of a merely local character. 


3. Geographical and historical factors 


The tropical regions with their high temperatures and practically no 
littoral vegetation undoubtedly constitute an effective barrier to the 
spreading of L. obtusata. This might be the reason why the species does 
not occur in the temperate zones of the S. Atlantic. As it appears that 
Fucus and Ascophyllum are not found there, there is no conclusive 
evidence that the absence of the snail must indeed be attributed to the 
effectiveness of the barrier. 

In the N. Pacific, however, sheltered rocky coasts with clear, salt 
water, a broad tidal zone and a Fucus vegetation are to be found in 
many regions which also have a suitable climate. Here, the absence of 
L. obtusata is beyond doubt due to historical factors (it either had its 
origins elsewhere or it was extinguished in the Pacific during a warmer 
climatic period) and to geographical factors (lack of accessibility). 
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4. Conclusions 


The horizontal distribution of Littorina obtusata appears to be due first 
of all to geographical and historical factors, which limit its area to the 
N. Atlantic, and secondly to temperature, limiting the area to the 
temperate and cold parts of this Ocean. Within this region again, the 
distribution is further narrowed down by sea water salinities below 
10-15 °/99. Lastly, local occurrence is determined both by salinity and 
by more or less heavy surf, a sandy substratum, high silt concentrations 
in relatively quiet water and the local distribution of Fucus and 
Ascophyllum. 

As regards the varieties, we find that their distribution, in particular 
the area of their greatest density, may vary somewhat, apparently under 
the influence of temperature and, as far as their local occurrence is 
concerned, under the influence of surf. 


PEE ER CAT DIES TREBURON N DEES @/ATUISIES 


A. THE VERTICAL DISTRIBUTION 


From a biological point of view it would serve no useful purpose to 
express the vertical range of a species inhabiting the tidal zone in terms 
of absolute height above or below mean sea level. It has therefore 
been described here in terms relative to tidal levels and to algal zones. 


1. The distribution in relation to tidal levels 


a. The tidal levels. It is customary to denote tidal levels by initials. For readers not 
acquainted with them a short explanation is given here. 

Mean sea level is indicated by M.S.L., mean high and low water mark by M.H.W. 
and M.L.W. respectively. Every fortnight there is a spring tide, in which the tidal 
amplitude is larger (high water is higher, low water is lower) than normal, in between 
there is a neap tide with an abnormally small tidal amplitude. We therefore distin- 
guish high and low water spring tide (H.W.S. and L.W.S.) and high and low water 
neap tide (H.W.N. and L.W.N.). Since the levels of these spring and neap tides vary 
according to the season, a distinction is made between mean and extreme values 
(for instance M,H.W.S. and E.H.W.S.). The extremes occur only once or twice a 
year. Except when otherwise stated, the indication ‘“‘extreme’’ always refers to the 
highest high water spring and low water neap marks, and to the lowest high water 
neap and low water spring marks. On each tidal shore we can therefore distinguish 
the following tidal marks, in a downward direction: 

E.H.W.S., M.H.W.S., M.H.W., M.H.W.N., E.H.W.N., M.S.L., E.L.W.N., 
M.L.W.N.,. M.L.W., M.L.W.S., E.L.W.S. 

As a rule, the other tidal marks are not indicated. 


b. The distribution of the species as a whole in relation to tidal levels. According 
to Moore (1940) the upper limit of Littorina obtusata varies between 
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just above M.H.W.N. and M.S.L. (sporadically near M.H.W.S.). 
According to Cotman (1933 and 1940) the upper limit is found at 
E.H.W.N. or at M.H.W. These data refer to England. GisLen (1930) 
mentions M.S.L. for W. Sweden, and DEexTErR (1947) found the upper 
limit just above E.H.W.N. for Massachusetts, U.S.A. 

The lower limit is given by Moore as E.L.W.S. (not abundant 
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Fig. 3. Schematic representation of algal and Littorina zonation near Den Helder. 
For an explanation of tidal levels see text. 


below M.L.W.S.), by CoLMAN (1940) and GisLEN as halfway between 
M.L.W.S. and E.L.W.S. (far from abundant below M.L.W.N.). Ac- 
cording to DEXTER it lies halfway between M.L.W. and M.L.W5S. 

We may therefore assume that the mean upper limit lies at M.H.W.N., 
the mean lower limit halfway between M.L.W.S. and E.L.W.S. Ac- 
cording to these data the extreme range extends from just below 
M.H.W.S. down to E.L.W.S. The optimum level has been identified 
as coincident with M.S.L. (Cotman, 1940). 

From my own observations I found that the upper limit lay around 
M.H.W. in most regions I visited. In Scotland and Schouwen it was 
found to be slightly higher on account of the occurrence of the snail on 
Pelvetia, which was not inhabited near Narvik and in S. Brittany. Near 
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Den Helder the upper limit lay lower, at M.H.W.N. Pelvetia is absent 
there and Fucus spiralis is reaching less high. 

The lower limit of the species and the optimum level of the sub- 
species /ittoralis show a downward trend from the South towards the 
North. In S. Brittany the lower limit lies at M.L.W.S., at Den Helder 
slightly below M.L.W.S, in N. Scotland below E.L.W.S. The excep- 
tionally high lower limit at Narvik (E.L.W.N.?) will be discussed 
below (p. 42). 

The optimum ranges in the different regions will be evident from 
figs 5: 

These facts show that Littorina obtusata is able to live in habitats 
which are subject to fortnightly immersions only, as well as in places 
which fall dry but once every six months. According to CoLMAN 
(1933) the time of exposure to the air of its normal habitat ranges from 
65 to 5% in S. England. This does not necessarily imply that the 
animals are subjected to the same exposure percentages, for up and 
downward migrations probably occur. 


c. The distribution of the varieties in relation to tidal levels. The upper and 
lower limits of the varieties have rarely been determined directly in 
relation to tidal levels or to exposure percentages. At Den Helder 
EBBINGE WuBBEN and I determined in which algal zones the var. citrina 
and olivacea are found. From these observations Epprince WuBBEN 
calculated their exposure percentages. This was possible because 
ZANEVELD (1937) published the exact exposure percentages of the 
littoral algae near Den Helder. Espince Wussen found an exposure 
range from o to 46% for var. citrina, and from 30 to 80% for var. 
olivacea. 


2. The distribution in relation to algal zonation 


As stated before (see p. 35) L. obtusata is only found where Fucaceae 
occur. These form different zones within the tidal belt. It is therefore 
worth while to consider the relation between the vertical distribution 
of the snail and that of the algae in detail. Before dealing with this 
relation, it will be necessary to give a survey of the algal zones. 


a. The zonation of the algae. The zonation of the algae near Den Helder 
has been thoroughly investigated and mapped by ZANEVELD (1937). 
He studied the distribution of Ascophyllum nodosum and the three Fucus 
species (spiralis, vesiculosus, serratus) in the harbour (which at that time 
was in effect a tidal creek about 1 km long). I myself studied the vertical 
distribution near Den Helder, on the islands of Texel and Schouwen, 
in some places in S. Brittany, in N. Scotland and near Narvik. My 
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observations included other brown kelps and the large red and green 
algae. No exact determinations of tidal levels were made, as was done 
by ZANEVELD. Zonation studies in adjacent regions have been made 
on the islands of Ré and Yeu off the S. coast of Brittany (BEAUCHAMP, 
1923), on the N. coast of Brittany (FiscHER, 1929), in S.W. Scotland 
(Kinc and RussELL, 1909; FLATTELy and WALTON, 1922; KircHING, 
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Fig 4. Schematic representation of algal and Littorina zonation in N. Scotland. For 
an explanation of tidal levels see text; 1-6 correspond to the algal belts, described 
on p. 40. 


1936), on Clare Island off the Irish West coast (CoTTron, 1912) and on 
the Faeroer (BORGESEN, 1908). 

From all these data the following general zonation scheme (in 
downward order from high to low water mark) can be derived 
(see fig. 4): 

1. A narrow belt of Pelvetia canaliculata between M.H.W.S. and 

M.H.W.N., sharply separated from: 

2. Asomewhat broader belt of Fucus spiralis, fairly well marked off from: 
3. A still broader belt of Ascophyllum nodosum down to E.H.W.N., often 
with scattered Fucus vesiculosus. This belt rather gradually passes into: 
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4. A broad belt of Fucus vesiculosus around M.S.L., with scattered 
Ascophyllum in the upper half and scattered Fucus serratus in the lower 
portion. Near Den Helder F. vesiculosus, according to ZANEVELD, 
reaches downwards to M.L.W.N. or even to M.L.W.S. 

5. A rather broad belt of mainly Fucus serratus and Chondrus crispus, 
gradually merging into: 

6. A belt of Laminaria digitata, L. saccharina, Alaria esculenta, Halidrys 
stliquosa, Porphyra laciniata, and Ulva lactuca. This belt is mainly 
sublittoral and only its upper part falls dry at low water spring tide. 
In Brittany and Scotland we find Lichina pygmaea; in Scotland this 

lichen is confined to belt 2, in S. Brittany it reaches upwards to above 

belt 1. At Den Helder Pelvetia is absent. In Scotland belts 3 and 4 

sometimes intermingle completely, or even change places, Ascophyllum 

growing below Fucus vesiculosus, scattered between Fucus serratus. At 

Narvik, too, Ascophyllum grows at a lower level than Fucus vesiculosus, 

but here it forms a distinct belt, intercalated between the belts of F. 

vesiculosus and serratus. Near Den Helder Gigartina stellata occurs mainly 

in belt 3, in Scotland in belt 5. In Scotland Fucus vesiculosus is sometimes 
accompanied or replaced by Himanthalia lorea. In Brittany belt 5 also 
contains Chorda filum, belt 6 contains Saccorhiza bulbosa; Alaria and 

Halidrys were not seen there. At Narvik the Laminaria belt is replaced by 

a belt of Furcellaria fastigiata. Near Den Helder belt 6 is but very poorly 

developed and consists mainly of Ulva, Porphyra and Chondrus, while 

Laminaria digitata is confined to a few places. 


b. The distribution of the species as a whole in relation to algal zones. In order 
to obtain comparable data, snails were collected in all regions for 
30 minutes per alga species, except at Narvik (15 minutes). Therefore, 
the numbers of individuals have been doubled in tables xvm and xvu. 
This method is somewhat arbitrary, but other methods met with great 
technical difficulties. Owing to the local absence of certain algae the 
numbers of snails on Laminaria saccharina and Ascophyllum nodosum in 
Scotland (table x) are based on only one survey of 30 minutes each, 
those for Fucus spiralis on two surveys, for F. serratus on three and for 
F. vesiculosus on four. 

Therefore, the average number per locality (i.e. per 30 min. col- 
lecting) has been given in table x ,whereas the numbers in tables xv 
and xvi relate to a total of three surveys (go min.) for each alga and 
each variety of Littorina obtusata. 

The localities have been indicated on p. 27. 

It follows from my observations that in S. Brittany (table m) the 
blunt periwinkle is most abundant on F. spiralis and that F. vesiculosus 
comes next. 
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On the island of Schouwen (table vi) it is most abundant on Fucus 
serratus, near Den Helder on F. vesiculosus, in places on Ascophyllum, 
whereas F. spiralis is frequented least of all.! Chondrus crispus is the only 
alga besides Fucus and Ascophyllum on which L. obtusata has been found 
near Den Helder. On this species the snail is, however, very rare and 
only represented by the variety cztrina. 

In Scotland (table x) F. vesiculosus is the most frequented species. 
It is followed by F. serratus and spiralis, next comes Ascophyllum, finally 
Laminaria saccharina. A few animals were found on Pelvetia (on Schou- 
wen too), none on Himanthalia lorea, Laminaria digitata, Alaria esculenta, 
Halidrys siliquosa, or on the green and red algae. 

Near Narvik (table xvi) the most striking fact is the almost entire 
absence of the snail on F. serratus. Possibly the animals had migrated 
to higher levels when I was working there. At the time F. serratus 
remained continuously immersed for a couple of days on end, which 
was not the case in the other localities. It should be remarked, however, 
that also at Quibéron (table m1) the snail was far from abundant on 
F, serratus.2 Another possibility might be that at Narvik the snail avoids 
the lowest level, because there is a more prolonged contact with 
brackish water, which is not liked by the snail, at this than at higher 
levels. Near Narvik Littorina obtusata does not show a clear preference 
for any of the other Fucaceae. However, if we consider only the sub- 
species /zttoralis (which is the only one present in the other regions), 
we find that the numbers at Narvik appear to decrease in the sequence 
Ascophyllum—F. vesiculosus —F. spiralis, in other words, according as the 
level is higher. ‘The snails living there on F. spiralis were all found to be 
very small and to have thin shells. The same was the case with the 
snails from F. vesiculosus on the most exposed shores in Scotland. 

Data on the occurrence of L. obtusata in relation to algal levels have 
also been given by T’aTTERSALL (1920) for Ireland, Cotman (1940) for 
S. England, Kine and RussELL (1909) and FLarrety and WALTON 
(1922) for S.W. Scotland, GisLEN (1930) for W. Sweden, GowANLocH 
and Hayes (1926) for the E. coast of Canada, and DExTER (1947) for 
Massachusetts. These records all present the same picture: that L. 


* This may be due to its minor density, for where it grows in dense patches the snail is 
sometimes numerous on this alga as well. On all the algal species the numbers of 
snails increase with increasing density of the algae. This corresponds with observa- 
tions made by Dexter (1947), who found the greatest abundance where F. vesiculosus 
and Ascophyllum had their greatest density. Presumably, a thick algal cover offers 
better shelter against desiccation and rain than a thin one. 

* It has been stated that in S.W. Scotland (Kine and RussELL, 1909) and W. Sweden 
(GISLEN, 1930) the snail is not even found on F. serratus! The data of Kinc and RussELL 


seem hardly reliable. In W. Sweden the explanation might be that F. serratus is 
permanently immersed there. 
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obtusata is restricted to the intertidal belt and that its numbers on 
different algae may vary according to the localities. In S. Scotland, 
according to Kine and RussELL (1909), the snail seems to be most 
abundant on Laminaria digitata(!) and also present on Ascophyllum and 
Fucus spiralis, whereas no animals were observed on Fucus serratus, 
Pelvetia, and Chondrus. But FLATTELY and WALTON (1922), who studied 
the same region, did record the snail on Fucus serratus! In N.W. 
Scotland and Den Helder the species is not found at all on Laminaria 
digitata, but it is numerous on F. serratus. The data of Kinc and RussELL 
therefore seem hardly reliable. 

Quantitative information has only be published by Cotman (1940) 
and GiIsLEN (1930). They determined the numbers of each animal 
species found per kg of alga. GisLEN also indicated the numbers per 
square metre of rock surface. Since CoLMAN also gave the weight of 
each alga species per sq.m., the numbers of animals per sq.m. can be 
calculated for S. England as well; they are given in table xrx. The 
figures given in that table under the heading: “‘Per sq.m.” refer to the 
zones characterized by the particular algae mentioned. Animals found 
in that zone on other algae than the one mentioned have simply been 
added to those collected on the latter: the snails found on Gigartina, 
for example, have been added to those found on Fucus serratus. The 
numbers found on Lichina have been added both to those on Ascophyllum 
and to those on F. spiralis, since in that region Lichina forms a layer 
under both of them. 

In W. Sweden L. obtusata is found almost exclusively on F. vesiculosus, 
F.. spiralis, and Ascophyllum, sporadically on Ulva, Enteromorpha, and 
Corallina. There is a distinct preference for F. vesiculosus, both per kg 
of alga and per sq.m. of rock surface. This is evident from table xx, 
which I have compiled from GisLEN’s work. 

In S. England Lichina pygmaea is preferred to all Fucaceae! CoLman, 
the only author who studied seasonal variation in the density of L. 
obtusata-populations, found, however, that the numbers on Lichina 
greatly vary with the seasons, whereas those on the algae are rather 
constant. On Lichina he found 400 snails per kg of lichen in September, 
1650 in January and 4210 in March. This would suggest that the snail 
hatches on Lichina, after which the surviving juvenile animals migrate 
to the algae. This is corroborated by the fact that in S. England 
Littorina obtusata hatches in February and March? (in Holland this 
takes place in summer). Its density on Lichina is followed closely by that 
on Ascophyllum. It is much less on F. vesiculosus, while only few animals 
were found on F. serratus and spiralis, and none on Pelvetia. 


1 Marine Biological Association; Plymouth Marine Fauna, 1931, p. 255. 
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Summarizing the facts, known from the literature and our own 
observations, we may state that: 

1. Littorina obtusata nearly always has a distinct preference for Fucus 
and Ascophyllum. Exceptions are its abundance on Lichina pygmaea 
and Zostera (see below) in England and on Laminaria digitata in 
S.W. Scotland. The species has further been found on Laminaria 
saccharina, and—in very small numbers—on Pelvetia, Chondrus, Ulva, 
Enteromorpha, and Corallina. 

2. The species generally prefers Fucus vesiculosus (E. Canada, N.W. 
Scotland, W. Sweden, Den Helder), sometimes Ascophyllum (S. Eng- 
land, a few localities near Den Helder, ssp. /ttoralis near Narvik), 
sometimes Fucus spiralis (S. Brittany) or Fucus serratus (island of 
Schouwen). 


c. The distribution of the varieties in relation to algal zones. Very few observa- 

tions have been made on this subject. A few remarks have been given 

by Storr (1925) and Wricur (1936). According to the former, var. 
citrina mainly occurs on F. vesiculosus in the Oosterschelde (Holland), 
var. olivacea (erroneously called var. fusca by the author) on stones 
above the algal zones and on Ascophyllum. According to WRIGHT, 
various colour varieties may be found on rocky coasts in England, but 
on Xostera mudflats only the “uniform dark greenish brown variety”’. 

The results of my own observations are given in tables v1 and vir 
for Brittany, in table vim for Schouwen, in fig. 3 for Den Helder, in 
fig. 4 and tables xv and xvi for Scotland (for corrections made in the 
numbers, see p. 41), in tables xvm and xvmi for Narvik. Combining 
the data from all these regions we arrive at the following conclusions: 

1. The var. citrina prefers Fucus serratus in all regions, except near 
Narvik, where this variety shows a preference for Fucus spiralis. In 
Brittany its absolute numbers are as large on Fucus vesiculosus as on 
Fucus serratus, but its frequency in relation to the total numbers of 
L. obtusata is greater on the latter alga. In Scotland this percentage 
is as large on Ascophyllum as on F. serratus, but its actual numbers 
are larger on F. serratus. 

2. In Scotland the variety inversicolor and ziczac show a preference 
(absolutely and relatively) for Fucus serratus. 

3. In Brittany the variety fusca is most abundant on F. spiralis. In 
Scotland both its actual number and its percentage are as high on 
Fucus spiralis as on Fucus vesiculosus; its percentage is as high there on 
Laminaria saccharina as on the two Fucus species. 

4. In Brittany the variety olivacea shows a preference for F. spiralis 
(absolutely and relatively) and for Ascophyllum (relatively only), in 
Scotland for F. spiralis (abs. and rel.) and Laminaria (rel. only), on 
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Schouwen for Ascophyllum (both abs. and rel.), near Den Helder for 
FP. vesiculosus (abs. only), and Ascophyllum (rel. only), near Narvik for 
FP. vesiculosus (abs. and rel.) and Ascophyllum (abs. only). 
Summarizing these facts we can say that in each locality the various 
varieties to some extent prefer different algae, and that for many 
varieties this preference may vary from one region to another; var. 
citrina, however, prefers Fucus serratus (low level) everywhere, whereas 
var. fusca and olivacea always prefer the algae of higher levels. 
As to the form varieties, it appears from the tables mentioned above, that var. 
pachychila is mainly found on Fucus serratus, both in Scotland and on Schouwen, 
whereas var. retusa is most abundant on the algae growing higher: Fucus spiralis in 
Brittany, Fucus spiralis and vesiculosus in Scotland (on Ascophyllum its number is 
smaller there, but its percentage even slightly higher than on the two Fucus species), 


Ascophyllum (with regard both to numbers and percentages) near Den Helder and on 
Schouwen. Compare, however, what has been said about the form varieties on p. 27. 


B. THE CAUSES OF THE VERTICAL DISTRIBUTION 


From the foregoing it will be evident that both level and vegetation 
affect the distribution of Littorina obtusata and its varieties. We will 
therefore deal with them separately. 

We have seen that L. obtusata is never found unless at certain levels 
and in conjunction with certain algae. This statement involves two 
problems, viz.: 

A. Would it be possible for the species to live outside these ranges of 
abiotic and biotic factors, and if not, why not? 

B. What innate behaviour enables the snail to remain within its 
zone or to reach stations where these factors are present? We will 
first deal with problem A, viz. with the tolerance and needs of the 
species with regard to ecological factors; afterwards we will consider 
problem B, i.e. the active responses of the species on these factors. 


1. The habitat factors and their significance 


a. Abiotic factors (level). 1. Submersion. Eppincr WuBBEN kept a 
number of snails of the variety olivacea submerged in a cage provided 
with food (Fucaceae). After one month the snails were still alive. In 
nature this variety is always found at rather high levels, where it 1s 
never immersed for more than a few days on end. BROEKHUYSEN (1940) 
found the same for the South African Littorina knysnaensis, a species 
inhabiting the upper part of the tidal zone, where it is submerged for 
only a few hours at a time. This shows us that, as far as submersion 1s 
concerned, the lower limits of L. obtusata var. olivacea and L. knysnaensis 
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actually found in nature are higher than their potential lower limits. 
This will be due to negative geotaxis, see p. 51-53 and Postscript. 

The lower limit of L. obtusata lies at E.L.W.S., a level which falls 
dry but once or twice a year (see p. 38). WiLson (1935) concludes from 
this fact that L. obtusata is unable to stand permanent immersion. This 
is neither contradicted by the experiment of Enpince WuBBEN (which 
only revealed a minimum time of submersion tolerance for var. olvvacea, 
not the maximum tolerance of the whole species) nor proved by the 
vertical distribution in nature, since the snails are able to move up 
and down the tidal zone of the shore (see p. 55). We are therefore 
not sure that the individuals found at E.L.W.S. actually stay there 
throughout the year. Even if WiLson were right, these movements 
would enable the snail to occur temporarily at still lower levels. ‘The 
fact that we do not find them there cannot be explained by Wrson’s 
hypothesis, but is most probably due to the strong negative geotaxis 
mentioned above. 


2. Emersion. Innatureemersion affects the snail through its effect on 
desiccation, temperature (insolation, frost), and salinity (rain!). In the 
laboratory, at room temperature and without direct sunlight, emersion 
only causes desiccation. Under laboratory conditions several species of 
Littorina have been tested with regard to the maximum time of emersion 
they can stand. The result may be summarized as follows: 


L. muricata > 360 days Cooke, 1895 

L. neritoides > 210 days FRAENKEL, 1927 

L. planaxis 64 days HEWATT, 1937 

L. knysnaensis 42 days BROEKHUYSEN, 1940 

L. saxatilis 31 days COLGAN, I910 

L. littorea 23 (19) days CoLcan, 1910 (GOWANLOGH and Hayes, 1926) 
L. obtusata 6 days COLGAN, IgIo 


It must be stressed, however, that these species live in different climates: 
L. murwcata in a tropical climate, L. planaxis and knysnaensis in subtropical 
climates, L. neritordes in both subtropical and temperate climates, the 
other species in temperate and cold climates. So we must be very 
cautious when relating these findings to the levels at which the species 
live in their natural habitats. Yet, a close parallelism appears to exist 
(see also Postscript) : their drought tolerance appears to increase paral- 
lel with the level of their habitat, with the exception of L. knysnaensis, 
which has a higher upper limit than L. neritoides (but its mean level of 
occurrence is generally lower than in the latter species). The ranges of 
L. littorea and obtusata are about the same, but their habitats are differ- 
ent and this is clearly reflected in their respective drought tolerance: 
L. littorea lives both on algae and on bare rocks, whereas L. obtusata is 
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confined to algae, which protect the animals against desiccation. Prob- 
ably this is the reason why L. obtusata is found, albeit sporadically, in 
places which remain uncovered for nearly a fortnight (M.H.W.S.), 
when, on the other hand, it can stand only 6 days of emersion (cor- 
responding with M.H.W.) in the laboratory, without algal cover. But 
temporary migration to lower levels and the moistening influence of 
splash and spray in its natural habitat may perhaps contribute to this 
difference. Moreover, the upper limit is often at M.H.W.N. (see p. 
38), which is lower than what might be expected on account of its 
drought tolerance. 

The species of high levels must also be more tolerant to fresh water; 
here again a clear correlation appears to exist: the maximum periods 
of immersion in fresh water, which can be endured, are as follows: 


L. neritoides 8 (11) days FRAENKEL, 1927 (resp. COLGAN, 1910) 


L. saxatilis—7 days COLGAN, Ig10 
L. littorea 7 days COLGAN, I910 
L. ziczgac =4 days PEARSE, 1929 
L. obtusata 2 days COLGAN, 1910 


These species all inhabit temperate regions, except L. ziczac, which is a 
subtropical species. 

Again we see that L. obtusata, although inhabiting the same level, is 
less resistant than L. littorea. This is easy to understand, since the blunt 
periwinkle hides under the algae both when ‘desiccation becomes 
dangerous and when it starts to rain. The algae, owing to their large 
salt reserves, may constitute a buffer against salinity changes. Littorina 
littorea, on the other hand, also lives on bare rocks where there is no 
protection against fresh water. L. saxatilis even goes so far as to leave 
the fissures to feed on the rocks when it is raining. 

Contrary to what has been said about desiccation and fresh water 
resistance, our knowledge concerning lethal temperatures hitherto 
does not reveal any correlation with level in the genus Littorina, 
although BRorKHUYSEN (1940) found a slight correlation for other 
intertidal Gastropods (including the Littorina species) in False bay, 
South Africa. L. obtusata has been stated to die at 42° C. (GOWANLOCH 
and Hayes, 1926), though living among cool sea-weeds in cold and 
temperate regions, whereas for instance L. ziczac, inhabiting bare rocks 
in a hot climate has been found to die at 38° (PEARSE, 1939). 

As we have seen before (p. 39), the optimum level of Lzttorina 
obtusata ssp. littoralis shows a downward trend from the South to the 
North. This will be particularly evident from fig. 5, where these levels 
are indicated in a diagram. 

As all observations were made in high summer, it seems highly 
improbable that low temperatures in the North should be the direct 
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cause of the downward trend. Even in winter temperature will have 
little direct influence, since winters in Scotland and even in Narvik are 
rather mild and L. obtusata can stand —30°C for a long period 
(DExTER, 1947). In my opinion the primary cause must be sought in 
low surface salinities, because the influence of rain is greatest at high 
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Fig. 5. Vertical range of Littorina species. The black lines indicate the levels of 
greatest abundance, the dotted lines levels at which a particular species is scarce. 
n = L. neritoides; sx = L. saxatilis;1 = L. littorea; 0 = L. obtusata ssp. littoralis; T = 
total range; B = optimumlevel in S. Brittany; E = ditto in S. England; S = ditto 
in N. Scotland, W. Sweden and E. Canada; N = ditto in Narvik (N. Norway); 
sJ = L. sitchana in Japan (30—-40° N. lat.); sC = L. sitchana in California (40—50°) ; 
pC = L. planaxis in California (32—37°); scC = L. scutulata in California (36-42°). 


levels and evaporation is nuch reduced in a cold climate. An additional 
explanation might be that the snail needs higher salt concentrations 
when the temperature is lower, a phenomenon observed in other marine 
animals (BROEKEMA, 1941). The fact that subspecies typica prefers a 
higher level at Narvik than ssp. littoralis does not contradict this: being 
an arctic type, ssp. ¢ypica must be adapted to the still lower salinities 
of the arctic littoral. From the point of view of ssp. typica, Narvik does 
not represent a northern climate, but the most southern conditions it 
will encounter. 

In accordance with our hypothesis that salinity may cause a down- 
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ward trend of the optimum level, which becomes all the more pro- 
nounced as we go farther North, is the fact that in the rather brackish 
Gullmar Fjord (W. Sweden) both the upper and the lower limit of 
L. obtusata are lower than anywhere else (Gr1sLEN, 1930). It may 
further be stated that the same downward trend from South to North 
is found in the genus Littorina as a whole; in warmer climates it 
occupies higher levels, a phenomenon which, by the way, may be 
observed in many marine animals. In Panama a Littorina species has 
even been found to climb trees bordering the high water line and 
to feed on their leaves (Cooke, 1895). 

Finally, an argument in favour of our theory is furnished by L. 
zuzac. This is the only species that does not fit into the scheme of 
parallelism between level and fresh water tolerance (see table on 
p- 47), since it is found at the same level as L. saxatilis. However, it 
lives in a much warmer and drier climate, where evaporation is strong 
and the salinity of the sea water averages no less than 36/9, (see also 
Postscript). 


b. Biotic factors (algae). As regards the influence of biotic factors, only 
those algae on which Littorina obtusata lives will be discussed here. They 
are of manifold importance as they offer: 

. protection against heavy surf; 

. protection against desiccation; 

. shelter against rain; 

. substratum for spawning; 

. food. 

Of these needs 1 and 2 are equally well or even better met by rock 
fissures and tidal pools, the other ones are only fulfilled by the 
Fucaceae. (As regards the third point, tidal pools and fissures are 
probably even more unfavourable than smooth slopes, since rain water 
tends to accumulate there.) This explains why L. obtusata cannot live 
without Fucaceae. Point 2 has been discussed already on p. 46, point 
3 on p. 47; 4 and 5 will be discussed here. 

It is a well-known fact that Littorina obtusata spawns on the fronds of 
Fucaceae. At Den Helder I found eggs on all Fucaceae, particularly 
on Fucus serratus. In the laboratory (experiments 1-9, see p. 59) the 
animals also spawned on all Fucaceae, except F. spiralis. As regards 
feeding, the holes made in the algal fronds by feeding snails had been 
overlooked by me, but in the aquarium, where the number of animals 
in proportion to the quantity of algae was much larger, this pheno- 
menon could easily be observed. Fucus serratus and F. vesiculosus were 
severely damaged here. Ascophyllum and F. spiralis were moderately 
attacked, the other algae were not taken for food at all. But here, just 
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as in nature, Fucaceae were always present. The question therefore 
arose whether the snail is able to make use of other algae than the 
Fucaceae for spawning and feeding if the latter are absent. 


1. Spawning. In order to investigate this problem, a large number 
of snails were kept in an aquarium without algae for about five 
days; then they were put into a bottle with circulating sea water and 
with a small quantity of one algal species. Special care was taken to 
use algae without clusters of eggs. The species used were Ulva lac- 
tuca, Chondrus crispus, Gigartina stellata, and—by way of control—Fucus 
serratus. 

After some days (for their numbers see the figures between brackets 
in table xxr) many clusters of eggs had been deposited on Fucus 
serratus, none on the other algae. The eggs on Fucus had been laid in 
spite of the far advanced season (October). This seems to show that 
the presence of Fucaceae is indispensable if the snails are to spawn. 


2. Feeding. The experiments described above also produced some 
information on feeding behaviour. Specimens of algae were chosen 
that had not been attacked before. 

EBBINGE WuBBEN used Enteromorpha in the same way. Moreover, he 
kept 20 snails for six weeks in a cage in the tidal zone on the shore with 
Enteromorbha as the only alga. Fucus serratus as well as Ulva lactuca 
appeared to be severely attacked. Chondrus was attacked to a small 
degree. Gigartina and, according to EBBINGE WuBBEN, Enteromorpha did 
not suffer at all. The results show that the snail is able to feed on some 
of the other species if Fucus is absent. If present, all other algae are 
left untouched (experiments 1-9). In this connection it is noteworthy 
that, according to KuNZzE (1923), algae avoided by the Isopods Idothea 
granulosa and baltica will be eaten after extraction. KuNzE supposed 
that they might contain substances poisonous to the animals. The same 
might perhaps be the case with Gigartina in our experiments, since 
mortality was very high on this alga. 

The rate of mortality of the snails on the different algae can be seen 
from table xx1. The numbers between brackets denote the duration of 
the experiments in days. 

At the end of the experiments Fucus and Chondrus were decaying, 
whereas Ulva and Gigartina still appeared to be in good condition. 
Nevertheless, mortality was highest on Gigartina and Chondrus. If we 
take into account the condition of the algae and the duration of each 
experiment, the figures seem to indicate that mortality is inversely 
proportional to the extent to which the algae are attacked. In all 
cases the variety citrina showed higher mortality than olivacea, just as in 
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experiments 1-9. The experiments were, however, too inexact to 
permit further conclusions, since mortality was high in all cases.1 

Although the algae were used separately, the preference for Fucus 
serratus was evident even now, namely from the quantitative relation 
between the numbers of snails found on the algae and the numbers 
found beside them. These numbers were in the ratio of 51:47 in the 
case of F. serratus and 8:8r in that of Chondrus crispus. On the other algae 
the distribution was similar to that on Chondrus. 

In conclusion we may state that Littorina obtusata evidently needs 
Fucaceae for spawning and strongly prefers them to other algae as food. 


2. The behaviour of Littorina obtusata with regard to environmental factors 


a. Responses to abiotic factors. 1. Reaction to gravity. In the literature 
no mention is made of geotaxis in L. obtusata, although it has been 
studied in all other European species of the genus. All investigators, 
except Morse (1910) and Mirsuxuri (1901), agree as to the existence 
of negative geotaxis in Littorina. Both EBBiIncE WuBBEN and I found 
the same behaviour in L. obtusata in all our experiments.? 

EBBINGE WuBBEN made a special study of the geotaxis of L. obtusata, 
var. olivacea. In the laboratory he placed a number of animals on a 
moist horizontal plate of eternite. After the snails had attached them- 
selves to the substratum, the plate was placed in a vertical position and 
the movements of the animals were observed. None of them moved 
downwards; they either climbed the plate or moved sideways for a 
short distance. The results are summarized in table xxu. These readily 
show that in all cases the majority of the individuals displayed negative 
geotaxis. Since this was also the case ina completely dark environment 
without water, but with a saturated atmosphere throughout, it will 
be evident that the upward movement is not caused by phototaxis or 
by a tendency either to escape from the water or to reach drier air.° 

The upward movement, if it takes place in water, is not due to the 
need of water with a larger oxygen supply, since it is also observed in 
aquaria with (vigorously) circulating sea water. KANDA (1916) showed 
that Littorina littorea moves upward even when the oxygen concentra- 
tion decreases in that direction. FRAENKEL (1927), working with L. 
neritotdes, proved that gravity is responsible for the upward movement, 
1 Jn the experiment made by Essince WusBEN mortality was low in spite of the fact 


that Enteromorpha was not eaten: after 6 weeks 3 animals out of 20 had died. 
2 All observations were made in summer. It is not impossible that in winter geotaxis 


is weaker or even positive. ae 
3 A comparison of the left and right halves of the table shows that the conditions of 


exposure and immersion during the experiment do not influence geotaxis even to 
the slightest extent. 
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because animals placed on a high speed rotation disk moved towards 
the axis. Kanpa (1916) assumed that gravity compels the animals to 
take up a position in which the heavy shell is hanging down, in which 
position they cannot but move upwards. FRAENKEL showed this opinion 
to be erroneous: if the snails are submerged and the shells made 
lighter than the surrounding water by attaching pieces of wax to them, 
the upward movements are continued. Probably gravity acts upon the 
statocysts which are highly developed in the genus Liétorina. 

EspinceE WvusBEN also studied the influence of periods of previous 
immersion and emersion on the negative geotaxis. For this purpose 
he kept the animals submerged (resp. exposed to the air) for periods 
of different lengths and then tested them with regard to their geotaxis. 
The results (see table xxm B) show that geotaxis remains constant even 
after long immersion. The same was observed in L. littorea by Hayes 
(1927, 1929). Epprince WuBBEN likewise denies the influence of emer- 
sion (table xxm A), but in my opinion a slight influence was possibly 
shown by animals tested in a dry aquarium, although it must be 
admitted that the lower percentage of animals showing negative 
geotaxis after exposure to the air for 60 hours, viz. 68 9% only, is based 
on too small a total number of animals investigated (19 specimens) to 
be reliable. It must be remarked that EBBINGE WuBBEN only observed 
whether the snails were negatively geotactic or showed no geotaxis at 
all. The distance covered in climbing by the active animals was not 
measured. According to Gowantocy and Hayes (1926) the negative 
geotaxis of L. littorea steadily decreases to zero during desiccation, even 
if followed by immersion, provided this immersion does not last 
sufficiently long to let the snails recover. According to Kanpa, who 
worked with the same species, negative geotaxis may even become 
positive after desiccation. 

EppinGE WuBBEN also investigated whether there are differences in 
geotaxis between individuals found at different levels on the shore. 
To this end he collected animals at a high level and at a low level; the 
animals of each group were marked and laid down on the shore, 
partly at their original level, partly at the level of the other group. As 
he thought it possible that those collected at a low level had recently 
migrated there, he also used animals collected at a high (!) level after 
he had kept them (in a cage) at a low level for a month (group D). 
The result (table xxm) was that no difference was to be found between 
animals of different levels. All of them tried to reach the highest level 
of the algal belt. The snails used by Espince WuBBEN all belonged to 
the variety olivacea. On p. 61 we shall see that animals of one variety, 
collected on different algae (which generally implies: at different levels), 
do not show any difference, due to level, as to their preference for certain 
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algae. The individuals of one variety may therefore be assumed to prefer 
the same level. 

This is contrary to the view of Gowantocu and Hayss (1926) and 
Hayes (1927), who believe that animals of high levels show a stronger 
negative geotaxis than those of low levels, which, according to them, 
makes the snails return each to its own particular level after displace- 
ment. From their papers it appears that the experiments concerning 
this point were made with L. littorea. They were carried out with far 
too small a number of animals and the results appear rather doubtful. 

I myself compared the behaviour of different varieties, viz. citrina 
and olivacea. A number of snails were laid in complete darkness on a 
concrete table with vertical wooden walls. The snails were immersed 
in running sea water reaching 8 cm high. Most of the animals imme- 
diately started to climb the walls and they continued doing so after 
they had left the water. The variety citrina, though of smaller size, 
proved to climb faster than the variety olivacea, thus reaching higher 
levels in the beginning. After one hour it was overtaken by the variety 
olivacea and still later on the positions had been reversed. Many 
citrina’s must therefore either have crawled back into the water or 
dropped down. The distribution of the animals was then as given in 
table xxiv. 

Thus, in the end, the distribution had become similar to that in 
nature. The same happened in experiments 1—7. Here the proportion 
between the numbers of animals above and below water was 2.17 in 
the variety oltvacea, 1.74 in the variety cztrina (based on 2000 animals). 
Consequently, we see negative geotaxis is stronger in var. olivacea than 
in var. citrina. 


2. Reaction to light. The influence of light has been studied in 
several Littorina species by a number of workers, but not in Littorina 
obtusata. All authors, except HAsEMAN, agree that Littorina shows so- 
called negative phototaxis, which means that in most experiments and 
in nature the species examined move away from the higher light 
intensities to which they are exposed. 

I myself did not make any special observations on the influence of 
light; yet some of my experiments produced some information in this 
respect. In experiments 1-7 the tiles exposed to the light always proved 
to contain smaller numbers of animals than those lying in the shade, 
irrespective of the species of algae present on the tiles. By adding the 
numbers of animals of each category from all experiments, we eliminate 
the specific influence of the algae, so that the remaining differences 
may be exclusively attributed to the influence of light. The quantitative 
relation between the numbers of animals on the shaded tiles and those 
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on the tiles exposed to light is then found to be 1.70:1 in the variety 
olivacea and 1.48:1 in the variety citrina. This means that there is a 
clearly noticeable preference for weak light, which is different in both 
varieties. As these figures are based on nearly 2000 animals, this result is 
quite reliable from a statistical point of view, the more so as the same 
difference was found in each of the separate experiments, but not in 
experiment 8, which was carried out in complete darkness. So it will be 
evident that the variety olivacea has a stronger dislike of light than the 
variety citrina. At first sight this may seem rather surprising, since the 
former variety inhabits higher levels on the shore and is consequently 
exposed to a larger total amount of light. But it will become quite 
understandable as soon as we realize that the variety olivacea 1s mostly 
found among the algae, and is covered by them, whereas the variety 
citrina mainly lives on the surface of the algal cover. 

In nature ‘“‘phototaxis” and geotaxis will normally counteract each 
other. The same may be said to be the case in EBBINGE WUBBEN’s 
experiment summarized in table xx, in which a daylight lamp was 
hung over the aquarium in some of the tests. The table shows that in 
this case geotaxis was slightly counteracted, but by no means neu- 
tralized by phototaxis (see also Postscript). 


3. Reactionto vertical water movements. Vertical water move- 
ments greatly influence the behaviour of Lzttorina obtusata. This influence 
is complicated and both of a direct and indirect nature. It consists in: 


1. Desiccation effect. When exposed to the air at low tide, the animals. 
keep crawling about as long as the substratum or the snails them- 
selves remain in a moist condition. EBBrINGE WuBBEN, studying the 
movements of the snails on a stretch of shore from which the algae 
had been removed, observed that they ceased crawling and retreated 
within their shells as soon as the stones had dried up. As a result of 
this, both gravity and light lost their effect at that moment. 

2. Light effect. Since light intensities are much higher above water then 
below, “‘phototaxis” will become much more effective as soon as the 
animals leave the water or are no longer covered by it at ebb tide. 

3. The effect of draining water. In the experiment mentioned sub 1 
Exspince WvusBEN noticed that, when the falling tide passed the 
animals on the shore, they started moving sideways and downwards. 
It looks as if negative geotaxis becomes positive when a thin layer 
of water is draining away over the animals. This was also observed 
by Mrrsuxurt (Littorina exigua) and HaseMan (mainly L. littorea) 
but the existence of this phenomenon was denied by Kanpa. 


> 


‘The effect produced must be caused by the water surface, for, when 
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completely submerged, L. obtusata is not affected by water currents.1 
The reaction caused by draining water is not to be considered as a 
simple inversion of the natural geotaxis, but as an independent effect 
which counteracts the negative geotaxis. This is shown by the following 
experiment. I placed animals at the base of a vertical glass plate, along 
which sea water was constantly running down. The snails moved 
upwards, most of them only for a short way, and stayed there for days 
on end. So, here, their geotaxis was only neutralized by their reaction 
to draining water. The explanation might be that geotaxis was rather 
strong here: Kanpa has shown that geotaxis in Littorina littorea is 
stronger (or rather: more effective) on a smooth surface than on a 
rough one and increases when the slope becomes steeper. In the field 
observation made by Espince WupsBen the surface was rough and 
the slope rather gentle. Hence, geotaxis was.probably weak there and 
therefore outbalanced by the reaction to draining water. 


4. Tidalrhythm. From what has been said above, it may be expected 
that the animals are driven upwards by negative geotaxis at rising tide, 
hampered by surface tension and negative phototaxis when leaving the 
water, prevented by desiccation from climbing far ahead of the rising 
water level and compelled by the effect of draining waves to return at 
falling tide. A rhythmical migration up and down the slope of the 
shore, synchronous with the tides, would be the result. 

Several authors (Mirsuxuri, Bonn, Morsr, and HasEeMan) believe 
‘they have observed such migrations in Littorina. L. neritoides would not 
exhibit such movements in the Mediterranean, owing to the lack of 
tides. BoHN even stated (but he is contradicted on this point by Morss, 
and by HasemMan) that the snails kept crawling up and down in an 
aquarium with constant water level for some time after they had been 
captured in nature; according to him the movements even coincided 
with the tides outside and covered a larger range at the time of 
spring tides! 

EsBINGE WuBBEN studied the phenomenon on a part of the shore, 
from which all algal vegetation had been removed. He found that the 
animals left the water and climbed the shore till desiccation stopped 
them. As soon as the first drops of sea water of the rising tide moistened 
them, they attached themselves to the stones with their feet and, after 
being immersed, started climbing, but stopped already before the sea 
had reached the high water mark (except a few animals that climbed 
as far as E.H.W.S.!). 


1 An other effect of surface tension is the hesitation shown by Littorina’s, which have 
to pass a water surface, both when entering and when leaving the water. See also 


Postscript. 
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A new activation took place when the falling tide passed the animals, 
stimulating them to move sideways and downwards, though this 
movement was much slower than the upward one. Consequently, they 
finally reached a level where the stones had dried up already ; here they 
waited for the rising tide, which drove them upwards again. 


tank 


Fig. 6. Tidal aquarium. 


Tidal migrations up and down the slope of the shore therefore seem 
to occur also in L. obtusata, at least where there are no algae, but the 
range of their movements appears to be smaller than the tidal 
amplitude. 

In order to investigate this problem, I constructed an aquarium with 
running sea water and artificial tides; a mechanical device made the 
water level rise and fall in accordance with the cycle of natural tides 
and with an amplitude of 33 cm. In the aquarium a wooden shelf of 
220 by go cm, covered with stone tiles (the same as used in exp. I-7)), 
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and divided into sections of 10 cm, was placed in a very oblique 
position (see figs 6 and 7). The greater part of the shelf was exposed to 
the tides, only small parts were permanently dry or immersed. A 
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Fig. 7. Longitudinal section through the tidal aquarium. 


number of animals were evenly distributed over its full length; 453 

animals of var. ctrina and 340 of var. olivacea were used. 

No rhythmical movements were observed. Most animals left the 
shelf and climbed the vertical walls. After a short time most of them 
had concentrated just above high water mark, both on the walls and 
on the shelf. Their distribution did not undergo any further change; 
a graphic representation of it is given in fig. 8. This figure shows the 
following facts: 

1. The majority had concentrated in a belt from 0 to 6 cm above high 
water mark. The second maximum (below 26 cm depth) has no real 
significance, as it includes the whole bottom of the aquarium; the very 
largesurface probably accounts for the large total numberat this depth. 

2. The two varieties show an identical distribution pattern. 

The difference in the results obtained by EspsinceE WussBEN and 
myself is probably due to the different experimental conditions. A 
gentle slope with a rough surface, direct sunlight, desiccation caused 
by sun and wind, and repeated draining caused by the waves, must 
have combined in the field experiment to hamper upward migration 
and induce a return to lower levels. 

In the aquarium negative geotaxis must have been strong on the 
vertical walls, “‘phototaxis’? must have been weak, since only diffuse 
daylight penetrated into the room. Moreover, desiccation was reduced 
by a moist atmosphere and lack of wind. The concentration just above 
high water mark may easily be explained as the result of negative 
geotaxis combined with reduced desiccation. The latter only stopped 
the animals a few centimeters above high water mark, where they 
were out of reach of the water. Since there were no waves, there was no 
draining to make them return. 
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Fig. 8. Vertical distribution of Littorina obtusata in the tidal aquarium without algae 
(14 X 1948). 


b. Response to biotic factors. 1. The preference for certain algae. 
We found that in nature Luttorina obtusata is much more abundant on 
Fucaceae than on other algae (chapter IIIA 2) and that it needs them 
as food and as a substratum for spawning (chapter IIIB tb). We 
also found, however, that the occurrence of the snails is influenced by 
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abiotic factors. The influence of level should therefore not be neglected. 
This is clearly demonstrated in the Gullmar Fjord (W. Sweden). 
Contrary to what is the case in other regions, L. obtusata is rare on 
Ascophyllum here and not found at all on Fucus serratus. Now, in this 
locality these very algae happen to grow at abnormally low levels: 
Ascophyllum grows around E.L.W.S. (at 20-60 cm below M.S.L.), 
Fucus serratus grows below E.L.W.S. (at more than 50 cm below 
M.S.L.). Since L. obtusata is never found below E.L.W.S. (which, here, 
hes 40 cm below M.S.L.) the abiotic emersion complex probably 
accounts for the abnormal state of affairs in the Gullmar Fjord. 

Another indication of the influence of level is given by the difference 
in vertical distribution between the varieties citrina and olivacea. Both 
are abundant on Fucus vesiculosus, but the former mainly inhabits the 
lower half of the zone formed by this alga, the latter variety occupies 
its upper half. 

The first question to be considered therefore is: what species of algae 
are frequented and which of these are preferred by the blunt periwinkle 
if the influence of level is eliminated? In order to investigate this 
problem the following aquarium experiments were carried out. It 
should be realized that, besides the influence of level, wave action was 
eliminated at the same time. 

Comparable quantities of Ascophyllum nodosum, Fucus vesiculosus, F. 
spiralis, F. serratus, Ulva lactuca, Chondrus crispus, Gigartina stellata, and 
Porphyra laciniata were brought together in an aquarium, in such a way 
that equal parts of each species were immersed and uncovered. All 
algae had been carefully cleared of Littorina’s before. 

The aquarium was a wooden gutter, 200 cm long, 45 cm wide and 
25 cm high, filled with sea water up to 8 cm above the bottom. A 
constant slow flow of water was maintained, and the snails were 
prevented from escaping by gauze at the inflow and outflow. The gutter 
was covered with glass plates. 

The algae were laid down on 8 out of 10 obliquely placed tiles, 


outlet ; 


Glass plate 


Fig. g. Arrangement of the tiles with algae in the aquarium (experiments 1-7). 
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arranged in two alternating rows (fig. 9). In each row one tile was 
kept bare. These two tiles, placed far apart, served as controls. a 

Experiments were carried out with snails of the variety citrina, 
collected on Fucus serratus and on F. vesiculosus separately, and with 
individuals of the variety olivacea from F. vesiculosus and Ascophyllum 
nodosum. F. vesiculosus was the only kelp on which both varieties could 
be collected in sufficient quantities. The snails were laid down on the 
bottom of the aquarium in the open spaces between the tiles, evenly 
distributed all over the gutter. The numbers of animals used are 
summarized in table xxv. 

Four to five days proved sufficient for the animals to make their 
choice. After 6 days the algae (especially their immersed parts) began 
to decay, causing the periwinkles to die (experiments 5 and 7: 
mortality 50-75 %!). The animals did not leave the decaying algae, 
but died on them. Their distribution therefore remained the same, 
and the results of experiments 5 and 7 may be considered to have the 
same value as they would have had if the experiments had sooner 
stopped. Mortality was low (5-18%) when the experiments lasted a 
shorter time. 

The sequence in which the different species of algae were placed on 
the tiles was the same in experiment 1 and 2, except that the left and 
the right row were interchanged and the sequence within each row 
reversed. In the same way the arrangement in exp. 4 is the reverse of 
that in exp. 5. The arrangement of exp. 6 is identical with that of 
exp. 4, the arrangement of exp. 7 is identical with that of exp. 5. Left 
and right were interchanged in order to eliminate any possible in- 
fluence of light (one row was more shaded than the other) ; the sequence 
in each row was reversed in order to eliminate any possible influence of 
the direction of the water current. 

The positions in which the algae were placed in relation to one 
another were the same in experiments 1-3, each alga being surrounded 
by the same other algae in all cases. Their relative positions were 
different in experiments 4~7, (in none of these the algae were arranged 
in the same way as in exp. 1-3) in order to eliminate any possible 
influence of competition between the algae in attracting the snails. 
This proved to have indeed a strong influence on the distribution of 
the snails. 

The results are given in tables xxvi and xxvu. Out of a total number 
of 2823 snails used 2314 were found back after the experiments. Of 
this number about 58% were found on algae, the percentage being 
the same for var. olivacea and citrina. If we add the numbers of the two 
varieties, the following figures are obtained: 
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Fucus spiralis 306 Ulva lactuca 81 
F. serratus 289 Chondrus cris 
6 pus 77 
F. vesiculosus 250 oe Porphyra laciniata 57 753 
Ascophyllum nodosum 231% Gigartina stellata 38 


There is clearly a preference for the Fucaceae as compared with the 
other algae under consideration. It is remarkable, though, that 3.5%, 
2.5%, and 1.7% were found back on Ulva, Porphyra, and Gigartina 
respectively, on none of which the snail was observed in the field. 
On the whole, animals of one variety, collected on different algae, 
showed a similar behaviour, but some remarkable facts came to light. 
It looks as if the variety olivacea collected on F. vesiculosus had a greater 
relative preference for Ascophyllum than for F. vesiculosus, and vice versa. 
The variety cztrina from F. serratus had a stronger preference for (both 
serratus and) vesiculosus than the same variety collected on F. vesiculosus. 
Both varieties seem to have a stronger dislike to Porphyra in case they 
are collected on F. vesiculosus than when collected on F. serratus or 
Ascophyllum. We might ask whether there may be a shifting in the 
preference for a particular food after a certain alga has been consumed 
for some time. 
Most interesting are the differences between the two varieties. 
The preference for Fucaceae is more pronounced in var. olivacea 
(ratio Fucac.: non Fucac. = 613:91) thaninvar. citrina (ratio 463: 162) 
and var. olivaceais found in far smaller numbers on Chondrus crispus 
than var. citrina (in the field only var. citrina is found on Chondrus). 
Within the group of Fucaceae the variety citrina clearly has a 
preference for F. serratus, although it is also abundant on F. spiralis, 
on which it is rarely found in nature. As regards var. olivacea, the 
results are rather doubtful: its preference shifts from one alga to an 
other in the various experiments. 
Identical arrangements of algae in experiments 4 and 6, and likewise in exp. 5 and 
7, produced identical results as to which alga species is liked best. Hlumination, 
position of the algae relative to the inflow and outflow and to the positions of other 
algae, were all found to influence the results. I therefore tried to make corrections 
for these sources of error separately and in combination with each other; the results 
are given in table xxvut. It shows that the preference of var. citrina for F. serratus 
remains most pronounced in all cases, but that the average preference of var. o/ivacea 


has shifted from F. spiralis to Ascophyllum nodosum. The separate experiments, however, 
are still found to produce different results for this variety. 


We must therefore assume that the lines on which the experiments 
were conducted have given rise to unknown errors. I tried to eliminate 
these errors by a different arrangement (exp. 9). The green and red 
algae were omitted, while the 4 Fucaceae were placed in a circle with 
the animals in the centre. Since absence of light had proved not to 
influence the ability of the animals to choose the right algae (exp. 8, 
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table XX XIII, the experiment was carried out in complete darkness. The 
effect of currents was eliminated by the use of a wet table without 
flowing water. 

The result (table xxrx) is rather surprising, as both varieties now 
show a preference for F. serratus. As regards var. olivacea, this result 
neither agrees with the overall results of exp. 1-7 nor with the distribu- 
tion of the animals found on the algae above water in these experiments 
(cf. table xxx). Unfortunately, there was no time left to repeat exp. 9 
with larger numbers of animals. 

In conclusion, we may state that the preference of L. obtusata for 
Fucaceae, so evident in nature, is maintained when all algae are 
offered at the same level and with the elimination of wave action; 
probably the snails are attracted by the Fucaceae; the preference for 
the latter is, however, less pronounced in the aquarium, probably 
because the level of the algae also influences the preference of the snail. 
This is also proved by the fact that in these experiments var. olivacea is 
much more abundant on Fucus spiralis (which grows high!) and Fucus 
serratus (which grows low!) than it is in nature, and by the fact that in 
the aquaria var. citrina is much more abundant on Fucus spiralis and 
Ascophyllum than in nature, where these two algae occupy zones above 
the optimum level of this variety. 

In nature Littorina obtusata is not found on some algae which grow at 
the same level as the Fucaceae, for instance Himanthalia lorea, Chondrus 
crispus, and Gigartina stellata. In the above experiments, however, some 
animals were found on Chondrus and Gigartina. This may indicate, since 
the absence of differences in level cannot have played a role here, that 
the diminution of wave action may have been of influence. Should 
this assumption be right, the distribution of the snail in relation to the 
different algae in nature would be caused by: 1. attraction by the 
Fucaceae, 2. the influence of level, 3. wave action. 


2. The perception of the algae. Judging from what is known 
about marine animals generally, it seemed likely that the snails would 
find the right algae from some distance by scenting them. For this 
reason some experiments were initiated by VERWEy after my own in- 
vestigations had been brought to an end. These experiments, which 
were of a preliminary nature, are described here in a very concise form 
because in 1953 VAN DonceEn enlarged their scope. Van DoncEN’s 
results will be published as a separate paper in this journal. 
VERWEY’S experiments were carried out in a shallow concrete 
aquarium of 200 by go cm, with walls of about 20 cm high. Sea water 
was kept flowing over its bottom from one end to the other. At the 
downstream end a number of snails were placed, and pieces cut from 
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the fronds of Fucus serratus, F. vesiculosus, or Ascophyllum nodosum were 
placed around the water inflow. The distance between the snails and 
the algae was about 150 cm. By way of control the experiments were 
alternately carried out without algae. Each experiment took 12-24 
hours. After that period the numbers of snails present around the 
water inflow were counted. The best results were obtained in quite 
shallow water, less than 1 cm high; in somewhat deeper water the 
snails left the water and crept on to the walls as soon as possible. 
The experiments were partly carried out in daylight, partly during 
the night. In between the experiments the snails were regularly given 
algae at the end from which they started. After each experiment the 
bottom of the aquarium was thoroughly cleaned to make sure that 
there would be no traces of algal scent in the controls. Only the 
experiment of 22 X took place without preliminary cleaning; its num- 
bers have therefore been omitted from the calculations. The results are 
given in table xxxt. 

It follows from this table that when there are no algae near the 
water inflow, only 3,5 % of the snails collect near the inflow, as against 
about 22°, when algae are used. This means that the algae attract 
part of the snails over a distance of 150 cm. In one or two experiments 
the attraction was caused by only a few pieces of Fucus of about 
1 decimetre length. 


My own experiments with regard to scent perception in Littorina obtusata produced 
no positive results. Here, too, water first flowed through the algae and then reached 
the snails. Instead of one alga several species were used at the same time (nl. Fucus 
serratus, Ascophyllum nodosum, Ghondrus crispus, Gigartina stellata, and Ulva lactuca). They 
were separated from each other by vertical partitions parallel to the stream. ‘he 
snails were prevented from reaching the algae by a gauze. The experiments were 
carried out in complete darkness. The negative result may have been caused by the 
fact that the water was too deep and the side walls too near the snails: out of 283 
animals used 219 had climbed the walls and only 64 were found on the gauze facing 
the algae. Their distribution did not show any preference for certain algae, which 
may have been due to the small number. 


The fact that the snails are able to scent the algae does not exclude the 
possibility that other senses play an additional role in orientation. 
Therefore, taste and vision were also studied. 

In order to isolate those properties of algae which affect taste 
extracts were prepared from the different species. ‘The algae were cut 
fine in a mincing-machine and then ground down in a mortar after the 
addition of carborundum powder or, later on, chemically refined sea 
sand. The pulp was strained through a cloth, the liquid thus obtained 
was filtered and solidified by adding a solution of agar or very pure 
gelatine in sea water. This substance was left to set into thin rectangular 
plates, each containing the extract from one alga species. ‘he same 
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algae were used as in experiments 1-7. There were two control plates 
without an algal extract. The plates were laid down on the bottom of 
an empty glass aquarium. They were separated from each other by 
narrow wooden laths reaching up to the surface of the plates. Thus 
any possible exchange of substances among the plates through diffusion 
was prevented, yet a free circulation of the animals was guaranteed. 
These were evenly distributed over the plates and kept moist by sea 
water being sprinkled over them. The resulting distribution (see 
table xxxu) clearly shows that the snails do not prefer the extracts from 
the fucaceous algae. The same negative result was obtained in an 
experiment in which the extracellular slimes of different algae had been 
smeared ona moist glass plate by rubbing the algae over them; EBBINGE 
WvuBBEN made a similar experiment, with an equally negative result. 

We must conclude from these results either that taste stimuli are 
not involved in the perception mechanism of the snail or that the 
method adopted was unsuitable to bring out the part played by taste 
in the discrimination between the algae. 

Vision was studied both by the elimination of light and by the 
elimination of all but the visual properties of the algae. 

In the first experiment the algae were arranged in the same way as 
in experiments 1-7 (see p. 59), but Fucus spiralis was left out. The 
snails had to choose between the different species of algae in complete 
darkness. The results are given in table xxxm. 

From this table it is evident that the snails are able to choose the 
right algae in darkness as well as in daylight. 

In the second experiment 6 vertical partitions were arranged radially 
on the bottom of an empty aquarium; they were covered with a glass 
plate, which was moistened with sea water, and were closed at the 
outer end. One of the sectors was left empty, the other five were 
completely filled with one alga species each. I used for this purpose 
Chondrus, Ascophyllum, Ulva, Gigartina, and Fucus serratus in the sequence 
given here. The idea was that the snails would not be able to scent the 
algae, and that a certain choice would therefore be due to optical 
stimuli. 

It should be added that some of the sectors were slightly more 
illuminated than others. 

50 Animals of the variety citrina and 50 of the variety olivacea were 
put down in the centre of the plate. After two days the distribution 
of the animals underwent no further significant change. It is reproduced 
in table xxxIv. 

The experiment shows that, if scent is eliminated, the place of the 
snails on the algae is determined by the degree of illumination of the 
sectors and not by the colour of the algae. 
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The experiments mentioned both point to the same conclusion: that 
the snail probably does not find its algae by optical means. 

No experimental arrangement could be devised, which would 
eliminate all properties of the algae except the tactile ones. Conse- 
quently, the question will remain unsolved whether tactile stimuli may 
play an additional role in the mechanism by which the snails perceive 
the algae. If such stimuli exist at all, they will have to be sought in the 
microscopical, not in the macroscopical structure of the algae, since the 
snail prefers algae both with a rough and with a smooth surface (Fucus 
serratus, F’. spiralis, Laminaria saccharina, and Pelvetia resp. Ascophyllum 
nodosum), and also avoids algae of both categories (Gigartina resp. 
Fitmanthalia, Laminaria digitata, Ulva, Porphyra, and Alaria). The pos- 
sibility of plain tactile stimuli offered by the internal structure of the 
algae may be rejected as well, since the blunt periwinkle feeds on 
tough Fucaceae and, when these are not to be found, on the very soft 
Ulva lactuca; on the other hand, it does not feed on AHimanthalia or 
Gigartina, which are at least as tough as Ascophyllum. 

Summarizing, we may say that L. obtusata finds the proper algae 
especially by means of their scent (chemotaxis). Other stimuli from 
the algae probably play no role. 


3. Synthesis: The combined effect of algae and abiotic factors on the 
vertical distribution 


Since it has been demonstrated that both algae and abiotic factors 
affect the vertical distribution of the snail, we will finally have to 
consider their combined influence. 


a. The species as a whole. On p. 38 we found that the upper limit of the 
species often lies at M.H.W.N. or even lower, depending on the upper 
limit of the algae. On p. 47 we saw that its drought tolerance would 
enable the snail to reach a higher level, viz. up to M.H.W. Indeed, 
EsBINGE WuBBEN found that, if the algae are removed from the shore, 
the snails may reach a higher level than their normal upper limit 
(which at Den Helder is M.H.W.N.), viz. about half way between 
M.H.W.S. and M.E.H.W.S. (see p. 55 and table xxxv). In his 
experiment the snails disappeared again from this level after three 
days, but were still up to about 30 cm above M.H.W.N. then, i.e. 
to the very limit of the zone which is awash or at least receives spray 
twice a day. Consequently, we may assume that the presence of algae 
is the decisive factor determining the upper limit in nature. In this 
connection an other experiment made by EspincE WuBBEN is of much 
interest. He removed the upper algal belt from part of the shore and 
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placed 100 specimens of L. obtusata on the algae just below the bare 
zone. After 10 days only 3 of them had left the algae and even those 
were found on small fragments of algal fronds that had escaped 
removal. He further found the attraction of algae to be so strong that 
even at high tide, when both algae and snails were well under water, 
no animals were found above the algae. EsBincE WuBBEN also 
attached algae above their upper limit on the shore to see whether they 
would allow obtusata to live above M.H.W.S. His experiment did not 
meet with success, however, since the algae soon died. 

Negative geotaxis, resulting in upward movements of the snail, also 
occurs when algae are present, but its effectiveness depends on the 
breadth of the algal belt. Essrnce WuBBEN laid out a number of snails 
on a part of the shore covered by a broad zone of algae. They showed a 
clear tendency to move upwards as long as there were algae. He laid 
another number of snails on a stretch of the shore with very few algae. 
These animals were partly laid on stones, partly on a tuft of algae, 
both at a low level. The algae proved to prevent any upward migration 
(see table xxxvi). EpsrinGE WuBBEN found that the snails only leave 
tufts of algae if other tufts are to be found higher up the shore. He 
assumes that the algae will be abandoned only if the animal observes 
other algae, so that its negative geotaxis is not counteracted by the 
inclination not to leave algae. We now know that the snail scents the 
algae at some distance, so that EBBiIncE WuBBEN’s assumption may 
be right. 

As we have seen (p. 56) L. obtusata may move up and down the slope of the shore 
with the tides, when there are no algae. The question may now be asked, whether 
this is also the case under normal conditions. No observations were made concerning 
this question, but from the foregoing it will be evident that in the case of a very 
narrow algal zone such migrations will hardly be possible. In case of a broad zone 
of algae they might occur, but even then they must be of minor importance, as they 
do not cover the whole tidal range and are not performed by all animals simul- 
taneously. This is evident from the fact that several varieties prefer only one or two 
Fucaceae each and, therefore, will not move up and down the whole tidal belt. For 


instance, the varieties of the higher zones (e.g. var. olivacea) are not found at the 
lower levels, even at low tide. 


The influence of the attraction of the algae is also demonstrated by 
experiments I—7 so far as var. olivacea is concerned. In the wooden 
gutter the proportion between the animals of this variety found above 
water and those found below proved to be higher in the absence than 
in the presence of algae, the proportions being 8.9 and 2.2 respectively. 

Yet, it seems inconceivable that in experiments 1-7 animals were 
found above the algae at all since in nature they keep to the highest 
algae. Eppincr WuBBEN, who found the same phenomenon in similar 
experiments, ascribed this abnormal behaviour of the snails to the 


DISTRIBUTION AND ECOLOGY OF LITTORINA OBTUSATA 67 


absence of tides in the aquarium; he assumed that the animals must be 
stimulated to search for the algae through alternating immersion and 
desiccation. I consider this improbable, since in my experiments 1—7 
the animals did find the right algae without alternating immersion and 
desiccation. I therefore suppose that for part of the animals negative 
geotaxis was stronger in these experiments than in nature owing to 
the presence of vertical aquarium walls nearby, the weak light in the 
experimental room and the strongly reduced evaporation. On the shore 
the geotaxis is probably outweighed by the combined action of chem- 
otaxis, negative phototaxis, desiccation and the effect of draining water. 

The upper limit of the species as a whole thus appears to be deter- 
mined by that of the Fucaceae only. The lower limit is often determined 
by that of the Fucaceae as well, but when the latter reach well into the 
sublittoral belt the lower limit is probably caused by the combined 
action of geotaxis and phototaxis. Finally, surf may sometimes modify 
the lower limit (see p. 33). The level of greatest abundance seems to be 
determined by the level of the favourite algae, the thickness of the 
algal cover and the effect of the tidal regime upon the relative influence 
of gravity, light, desiccation and the effect of draining water. 


b. The varieties. The vertical distribution of the varieties cannot be 
explained on the basis of their preference for different algae alone. The 
influence of immersion and emersion is evident. For instance at Den 
Helder both the varieties citrina and olivacea are abundant on Fucus 
vesiculosus, but the former dominates in the lower half of the belt formed 
by this sea-weed, the latter variety in the upper half. The variety 
olivacea is rarely found on Fucus serratus, except on those specimens which 
happen to grow exceptionally high, among Fucus vesiculosus or Ascophyl- 
lum. Finally, this variety is particularly abundant on Fucus spiralis in 
places where, owing to the absence of Ascophyllum, it grows at lower 
levels than is normal. 

While the upper limit of var. olivacea coincides with that of the 
species as a whole and is consequently determined by the algae alone, 
the lower limit of var. olivacea and the upper limit of var. cztrina are 
determined by the immersion-exposure-complex as well, the differences 
in range between the two varieties being probably partly due to the 
different degrees of negative geotaxis (see p. 53). 


IV. SUMMARY AND GENERAL CONCLUSIONS 


Littorina obtusata (L.) is a temperate-boreal marine Gastropod, found 
on both sides of the North Atlantic. It is restricted to the intertidal 


68 J.J. BARKMAN 


belts of rather sheltered, rocky coasts with clear, salt water, where 
it lives almost exclusively on the fronds of the large brown algae Fucus 
and Ascophyllum. 

The distribution, relative abundance and vertical range (particularly 
in relation to algal zonation) of the species, its subspecies and varieties 
were studied by the author in the following regions: S. Brittany, 
Holland, N.W. Scotland and N. Norway. At the Zoological Station 
at Den Helder an experimental research programme was carried out in 
order to analyse the causes of the vertical range. The author, working 
with var. citrina and olivacea, mainly analysed their relations to the 
algae; Eppince WupsBen, working with var. olivacea, analysed the 
relations to abiotic factors and the combined influence of these factors 
and the algae. 

In the first chapter the horizontal distribution and its causes are 
discussed. L. obtusata comprises two subspecies, gradually merging into 
each other, viz. the arctic subsp. ¢ypica (S. limit near Narvik) and the 
temperate subsp. /zttoralis. This paper chiefly deals with the latter, 
which can be subdivided along two independent lines into a number 
of colour varieties and a number of form varieties. It is argued that 
most of the former are genetically distinct (except var. reticulata, which 
is probably a juvenile stage of var. fusca), whereas the so-called form 
varieties perhaps represent nothing but phenotypical variations. 

As regards the geographical distribution, it is remarkable that some 
varieties are more abundant in the North, others in the South (cf. 
tables 1 and m1). It is pointed out that the area over which the species is 
distributed is primarily determined by historical and geographical 
factors, in the second place by temperature (that of the surface layer 
must not exceed 20°C in summer), in the third place by salinity 
(species absent from the Baltic Sea and many estuaries, owing to too 
low salinities, below about 15-10°/5,). Local distribution is further 
limited by the need of Fucaceae, of sheltered rocky coasts and of clear 
water. Heavy surf, especially in combination with sand, as well as 
muddy, quiet water are not tolerated. Increasing surf affects the snail 
in two different ways: 1. by eliminating the alga species one by one, 
and 2. by shifting the lower limit of the snail to higher levels. It is 
shown that surt tolerance may differ from one variety to another, some 
being rather more tolerant or even “‘surf loving’’. 

The second part is devoted to the vertical distribution and its causes. 
This distribution is described both in relation to characteristic tidal 
levels and to the zones in which particular algae dominate. The 
average upper limit of the species lies at M.H.W.N. (exceptionally 
at M.H.W.S.), the average lower limit halfway between M.L.W.S. 
and E.L.W.S., the optimum level at M.S.L. (for an explanation of 
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abbreviations see p. 37). The lower limit and optimum level of subsp. 
littoralis show a downward trend from the South to the North (see 
fig. 5). This is probably due to a decrease in salinity towards the North 
and towards higher levels, perhaps in combination with a decrease in 
temperature. 

After a short and schematic description of the littoral algal zonation 
in W. Europe the distribution of L. obtusata in relation to it is discussed 
(see tables n1-xx and figs. 3 and 4). Apart from its abundance on 
Lichina pygmaea and Kostera in (some localities of) England, the snail 
always prefers Fucus and Ascophyllum, especially Fucus vesiculosus, though 
in some regions one of the other species (F. serratus, F. spiralis or 
Ascophyllum nodosum) may be the most favourite alga. Besides, the snail 
has been found on Laminaria saccharina and—in very small numbers— 
on Pelvetia, Chondrus, and a few other algae. Several varieties prefer 
different Fucaceae and consequently different levels of the intertidal 
belt. This preference may vary from one region to another, but var. 
citrina prefers Fucus serratus (low level) everywhere, var. olivacea and 
Jusca prefer the algae of the higher levels in all regions. 

Experiments showed that L. obtusata var. olivacea is able to stand at 
least one month of permanent submergence (much more than the 
actual maximum in its natural habitat), while the species can stand 
six days of exposure to the air in a laboratory (which is more than the 
time of exposure at its average upper limit, but less than that at its 
absolute upper limit in nature). Probably the former discrepancy is to 
be explained as the result of negative geotaxis, the latter as due to the 
protection against desiccation (and rain), offered by the algae: though 
obtusata is the least resistant to drought and fresh water of all Littorina 
species examined, it is found at the same levels as L. luttorea, but this 
species does not need algal cover. 

Other experiments showed that, even when Fucaceae are not 
available, no spawning takes place on other algae; some of them, 
especially Ulva lactuca, which is normally avoided, are then eaten by 
the snail, other algae are not. So Fucaceae are indispensable as a 
substratum for spawning and much preferred to other algae as food. 

After the degree to which the snail can tolerate various abiotic and 
biotic factors has been examined, the question arises what factors cause 
the snail to stay within its habitat or to regain it when carried away to 
deeper water by surf or wave action. Experiments showed that L. obtusata 
has a strong negative geotaxis (cf. table xxi). It is equally strong under 
water and above water, provided the animals are kept moist; it is not 
affected by long immersion preceding the experiment; previous emersion 
perhaps reduces the degree of geotaxis somewhat. Individuals of one 
variety from different levels on the shore show the same degree of 
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geotaxis (table xxm), but var. olivacea shows stronger geotaxis than var. 
citrina, which lives at a lower level (table xxv). 

The experiments also demonstrated that L. obtusata dislikes strong 
light. This dislike is more pronounced in var. olivacea than in var. 
citrina, although light intensity increases with level. However, var. 
olivacea is mostly covered by the algae it lives upon and, therefore, less 
exposed to light than var. citrina, which mainly lives on the surface of 
the algae. 

Both the reaction to gravity and that to light are eliminated by 
desiccation, which causes the snail to retreat within its shell and to 
close the mouth of it with the operculum. It was further shown that a 
thin layer of water, draining away over the animals, may induce them 
to move downward, following the water. When all algae are removed 
from the shore, the snails move upward and downward with the tides, 
though within a range that is smaller than the tidal amplitude. This 
may be explained as the result of the combined influence of gravity 
(upward migration), desiccation, light and the effect of draining water 
(downward migration). In an aquarium with artificial tides and 
without algae the animals did not show such tidal migrations, but most 
of them concentrated just above high water mark (see fig. 8). Probably 
the downward forces were too weak here. 

In order to eliminate the abiotic factors, experiments were carried 
out in which the animals could choose between 8 different algae, all 
partly immersed and partly uncovered (the 4 Fucaceae, Chondrus, Ulva, 
Porphyra, and Gugartina, see tables xxv—xxx). There was a clear 
preference for the Fucaceae in all experiments, but a number of snails 
were also found on the other algae, which are never frequented by them 
in nature (except Chondrus). The preference was most pronounced in 
var. olivacea. Var. citrina was always most abundant on Fucus serratus, 
whereas olivacea did not clearly show a preference for one Fucacea to 
others. It further appeared that other Fucaceae were always preferred 
to the one on which the animals used had been collected. 

Both varieties were more abundant on Fucus spiralis in the experi- 
ments than they are in nature; of var. olivacea the same is true with 
regard to F. serratus. These Fucaceae grow at a very high resp. low 
level of the intertidal belt, somewhat out of the range of the respective 
varieties. On account of these and other facts it is argued that the 
distribution of the varieties in nature as regards levels and different 
algae appears to be caused by 1. attraction of the Fucaceae, 2. the 
influence of level, 3. wave action. 

Next comes the question, how the snails are able to find their 
favourite algae. VERWEyY (table xxx1) proved that they are able to 
scent them from a distance of 1.5 m. My own experiments showed that 
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taste (table xxxm) and vision (table xxxm and xxxtv) are not involved 
in the mechanism that enables the snails to find the right algae. This 
probably also applies to the tactical sense. 

Finally, the combined action of algae and abiotic factors is discussed. 
EBBINGE WuBBEN proved that L. obtusata never leaves tufts of Fucaceae 
on the shore, except when other tufts are to be found higher up the 
shore (table xxxvi). The attraction of the algae is the preponderant 
factor, and it normally outweighs other factors such as gravity, light 
and the effect of draining water. Upward movements and perhaps tidal 
migrations may also occur on a shore covered with algae, but only 
on a small scale and only when a broad belt of algae is present. 

In conclusion it may be said that the upper limit of the species 
(and of var. olivacea) appears to be primarily determined by the 
Fucaceae, and that the same applies to the lower limit, except when 
surf is strong or when the proper algae extend well into the sublittoral 
belt. In those cases the lower limit seems to be determined by the 
combined action of gravity and light. The same applies to the lower 
limit of var. citrina. The upper limit of this variety and the lower one 
of var. olivacea, however, seem to be determined both by their specific 
preference for different algae and by the immersion-exposure-com- 
plex, which influences the snails through its geotaxis, which is stronger 
in var. olivacea. 
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Postscript. After this paper went to press my attention was attracted to an article by 
S. Suzuxi on an intertidal species (Nerita japonica Dunker), similar in ecology to 
Littorina obtusata. It is therefore interesting to make a comparison between both 
species. The following notes correspond with references to this Postscript made 
in the text. 


(p. 46, above). The same applies to Nerita japonica in Japan, which lives at about 
H.W.N., though it can stand a submersion in running sea water of 2—3.5 months. 
This species, too, clearly displays negative geotaxis. 


(p. 46, below). Nerita japonica, inhabiting the same level as L. saxatilis, shows the same 
drought tolerance (30 days in laboratory conditions). 


(p. 49). Nerita japonica, which is found at the same level, even cannot stand immersion 
in fresh water for more than 2% days. This snail, too, lives in a subtropical 
climate! 


(p. 54). In Nerita japonica, an intertidal marine Gastropod from Japan, which also 
shows negative geotaxis as well as negative phototaxis, the latter is able to 
outbalance the former completely: Suzuki (1934) has demonstrated that the 
animals will move downward in the light, when the inclination of the surface 
is 45° or less. 


(p. 55). Werita japonica, an intertidal marine Gastropod from Japan, is also directed 
by draining water, but in an opposite sense: it moves against the water current 
(SuzukI, 1934). In this species real rheotaxis is involved, since the effect is also 
to be realised under water. Here rheotaxis generally acts in the same direction 
as geotaxis, but antagonistic to phototaxis. When both draining water and 
light act upon the snail, the effect of the latter will outbalance that of the 
former. 
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Vio PABEES 
TABLE ft 
Geographical distribution of the colour varieties. 
x SS ~ me 
2 SS ; nS 
se aS 8 = os se se se < < 32 Total Ditto 
8 3 3 o* 8 3 s S RS 8 4 number during 
BS s 3 5 8 N S 8 = 8 S  ofanimals one hour 
+S & 2 oes es 3 SS #33 < 3 = investigated of collecti 
S. Brittany . 49 2 13 13 20 1 05 #06 — 06 0.5 655 164 
Isl. of Schouwen. 33 — — 67 691 346 
Wen Helder; << 2 a-ae% +76 0.2 4 — +20 865 
N.W. Scotland Le 4.6 105 46.5 18 0.1 0.5 2.9 102 —_ — 881 176 
Narvik . 19 835 16 6.5 50 — 2 — 3. — — 200 200 
TABLE II 
Geographical distribution of the subspecies and form varieties. 
(the numbers represent percentages) 
Intermedi- ssp. littoralis 
ate forms 
ssp. typica between var. com- 
the two pacla + ae var. typica var. retusa ae ‘I ea 
subspecies var. typica BUTE ROG bs sae 
S. Brittany — — 84.7 14 0.3 1 
Is] . of Schouwen —_ — 74.6 17.8 Tate _— 
Den Helder — — $1.3 7.9 83.4 6.8 = 1.9 
N.W. Scotland —_ +2 86.5 37 49.5 6 6 1.4 
Narvik 4 49.5 46.5 39.5 i — — — 
TABLE III 
Distribution of the species over the algal belts in S. Brittany. 
Quibéron Kergoff Total 
IPUGIB SMES “Bee BG oo 5 Sb Oo Oo bo mo a A 8 131 139 
PROUSDESECUIOSUS <a a % oo) 4 gee e. fe ee dle ke ke 37 144 181 
JAG TDi oe oo py OO Ob oo aD eo ON 35 92 127 
IEA OSTA Co CG IO. OME CeO On ae Chyna 90 48 160 208 
HRGOtaljsme vce (Mone Aa tecee) Moa oeiee teks cori icons ous 128 527 655 
TABLE IV 
Microdistribution of colour varieties in S. Brittany. 
citrina inversicolor reticulata fusca olivacea aurantia zonata ZueZzac alternata ruben: 
% % % % % % % % % % 
Quibéron S220 4p 83 4.5 4 85 ee7 74 58 a — 2 ee es 
Kergoff 287 55 lee 2 SS mel Ge a Ole 90 GI 3 0.6 0:2 30:6 2 <0 
Total 319 49 1552 Sie 5p lOMeOS.OMlo OOM 20 6) 1 30.5: 4 0.6 4 0.6 Se 
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TABLE V 
Microdistribution of form varieties in S. Brittany. 


typica + compacta retusa pachychila vittata 
% % % %. 
Quabeton “+s * a gh pNer yee a AU ia 188 aes 2 2 = 
Resort a5. ented een skew © A! Cet 7 — 9 0% 
TOCA. Aus, Mee NOMC Mer oo oul stern aes 550 84.3 94 14 2 0.3 g 1.4 
TABLE VI 


Distribution of colour varieties in relation to the algal belts in S. Brittany. 


citrina inversicolor reticulata fusca olivacea _ aurantia zonata ZuCzae alternata 
¥, o y 0 y 6 %o % % % % Yo 
Fucus serratus... . 97 69 = 14;9 10/5 U5) WOs7) 99) 36a 3 eee — L 0:7 — 
Fucus vesiculosus . . . 102 57 4°29 (25 SAD. N75 9s 20nd, -- Sa IL ae tOiG; 
Ascophyllum nodosum. . 47 37 A> Sat 200 toe, Wd) 134 37 e291 _ 1 0.8 DO: 
Fucus spiralis. . . .. 73 35.1 7 3:4 (28° M34 "34" 16.37 (59) 2873 — Pie wl — Died 
TABLE VII 


Distribution of form varieties in relation to the algal belts in S. Brittany. 


typica ++ compacta retusa pachychila vittata 
% * % % 
Bucustserratust en) sic e sean ea -eet 1299229) 5 3.6 2 1.4 3 2e1 
PUGUS CESCHIOSUS ce 5) aoa ies! te caus, oe 159) S87 21 11.7 — 1 0.6 
Ascophyllum nodosum... .. 2... 104 81.9 20 1537, — 3 2.4 
2 1 


Fuchs Spirals’ 2 a. ae Soe) feel a 158576 £8 23 = 


TABLE VIII 
Distribution of colour and form varieties in relation to 
algal belts on the island of Schouwen. 


citrina olivacea Total typica + compacta Ad retusa retusa Ad pachychila 
Fucus serratus... 133 106 239 183 13 ThE 32 
Fucus vesiculosus. . 62 121 183 139 20 9 15 
Ascophyllum . . . 16 171 187 131 38 HES 3 
Fucus spiralis. . . . 20 62 82 62 10 7 3 
Total omem. cee eee 231 460 691 ails) 81 42 53 
TABLE IX 


Representation of form varieties within the colour varieties at Den Helder. 


typica Ad retusa retusa (Ad) compacta (Ad) vittata 
citrina trom J. serratus. a2 te eee Se : — ees 4 4 — 
cura trom: Bi vesiculosus. 2. 9. ne 490 5 — 9 if 
olivacea from F. vesiculosus . ....... Ns} 23 17 47 9 
olivacea from Ascophyllum. . . . . 1... 16 6 6 8 — 
Ad inversicolor from F. vesiculosus. . . . . . 2 — — — — 
reticulata from F. vesiculosus. . . ..... 4 —— — _ — 


Totaly se <\ c thee sMesaes eee vest ak sae 722 84 2O) Ks 68 \ 16 
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TABLE X 


Distribution of the species over the algal belts in N.W. Scotland. 


Bettyhill, Lochinver, Lochinver, ee rere 
4 ‘ xtr r 
S. exposed bay N. exposed bay  S. exposed bay Wamoine VeTAee 
Laminaria saccharina . 20 (20) 
Fucus serratus . 76 87 85 83 
Fucus vesiculosus . 182 123 40 74 105 
Ascophyllum nodosum . Not investigated 41 (41) 
Fucus spiralis . 74 79 77 
Average. 88 83 63 (74) 
TABLE XI 
Microdistribution of colour varieties in N.W. Scotland. 
citrina  inversicolor reticulata fusca olivacea _ aurantia zonata Zlezac rhabdota 
% % % % % % % % % 
Bettyhill, S. exposed bay. 16 4 Pe OS PRS PRU 5h 50) 0) i 03) 2” 0:6) 3 i 
Lochinver, N. exposed bay. 61 18 34 10 19 6 147 45 64 19 — _ San a2 — 
Lochinver, S. exposed bay . C20, — 32 26 OT: Dee? — — TG AS = 
Lochinver, extreme W. point. Suey — 32 44 25 34 — — 4 5 2 3 2 3 


TABLE XII 


Colour varieties from Fucus vesiculosus in N.W. Scotland. 


citrina inversicolor reticulata fusca olivacea aurantia zonata zCzac rhabdota 
Bettyhill, 
S. exposed bay 5 1 15) 128 32 — l 2 — 
Lochinver, 
N. exposed bay 6 1 7 78 31 = = = = 
Lochinver, 
S. exposed bay 19 — 10 3 6 — 
Lochinver, 
extreme W. point 8 — Oo, 25 _ -- 4 2 2 

TABLE XIII 
Microdistribution of form varieties in N.W. Scotland. 
(Increasing surf from top to bottom) | 
typica compacta retusa pachychila vittata Total 
% % % % % 

Bettyhill, S. exposed bay G3} Bis) epl Sy? 13 4 20 6 l 0.3 348 
Lochinver, N. exposed bay 210 64 SOMES 30 9 5 2 3 1 333, 
Lochinver, S. exposed bay Phoy Pi 58a) 43) 3 2 Son ol 3 2 123 
Lochinver, extreme W. point 491 67 ye Pah DES sear} - He AD) 73 


1 All these animals with very thin, brittle shells, very small. 
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TABLE XIV 
Form varieties from Fucus vesiculosus in N.W. Scotland. 


typica compacta retusa pachychila vittata Total 
Bettyhill S. exposed bay .... + 77 87 8 Il 1 182 
Lochinver, N. exposed bay... - “py 36 12 = 1 123 
Lochinver, S. exposed bay 17 17 = 4 — 40 
Lochinver, extreme W. point. . . 49 15 2 —_— 7 73 
TABLE XV 


Distribution of colour varieties in relation to algal belts in N.W. Scotland. 


citrina inversicolor reticulata fusca olivacea aurantia zonata ziczac 

% % % % % % % % 
Laminaria saccharina oe —_— 6 1l 30 52 RSS HE — —_— — 
Fucus serratus 88 36 27 SLer2 68 28 Ti en) 1 0.4 1 0.4 Loaa7, 
Fucus vesiculosus 29 9 225055 48 15 176 55 47 15 — 4 1 8 72 
Ascophyllum nodosum 36 29 oh 18 15 pene es DT 2S —_— — Se 
Fucus spiralis MG) 10 3 G2 180 60 88 30 — = = 
Total 172 45 109 487 192 1 le 29 
Total (except Laminaria) 169 17 45 4.6 103 10.5 457 46.5 174 18 L031 By OES) 292-9 


TABLE XVI 
Distribution of form varieties in relation to algal belts in N.W. Scotland. 


typica compacta retusa pachychila vittala 

% % % % % 
Laminaria saccharina 6 11 51 89 — — — 
Fucus serratus OE 38 93 38 ll 4 46 19 3 1 
Fucus vesiculosus 164 ye 116 37 17 5.5 11 4 7 2 
Ascophyllum nodosum 66 53 46 37 11 10 -- — 
Fucus spiralis 162 55 106 35 22 7 4 1 4 1 
Total 491 412 61 61 14 
Total (except Laminaria) 485 49.5 361 37 61 6 61 6 14 1.4 


TABLE XVII 
Distribution of colour varieties in relation to algal belts near Narvik. 


citrina inversicolor reticulata fusca olivacea zonata 
% % % % % % 
HiteUsiSerratisiemsmts: (eMmehren es 2 (100) — — — — — 
Ascophyllum nodosum... . 6 4.1 4 2.6 34 23:5 14 9.6 7s ayes 49 92:6 
Fucus vesiculosus. . . 2... 8 6.2 — 12 OFS 89 16:2 SEN 7356) ae e350) 
LOTTE SIAN 5 5 6 0 5 6 60 48 10 8 18 14.4 Ga REM 28 22.4 —_ 


Total ; 


aero Go e 76 19 147350 64 16 26 «6.5 200 50 32 
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TABLE XVIII 


Distribution of form varieties in relation to algal belts near Narvik. 


Subsp. littoralis 


Subsp. typica 


; Transitional Total 
Var. typica Var. compacta Total forms Pure typica Total 
littoralis-typica 

% % % % % %o 
Fucus serratus 2 2 
Ascophyllum nodosum 18 1253 58 39:7: 76 = 52.0 66 45.4 4 2.6 70 48.0 146 
Fucus vesiculosus 8 6.2 Dare a2e3 62 48.5 62 48.5 4 Sal 66 51.6 128 
Fucus spiralis 2 1.6 46 37.1 48 38.7 68 55.1 8 6.2 76 §=661.3 124 
Total 28 7 L5Gm39!5 186 46.5 198 49.5 16 4.0 2147 53.5 400 


TABLE XIX 


Numbers of individuals of Littorina obtusata in S. England after data of CoLMAN (1940). 


Species Per kg of alga Per sq. m 
IRR CRS AAD. EO] Gee MORO On O. Cath PRPS ce .geo te Cees 120 4,084 
IEW TIE PIES Ss Oo ne On GP oO ooo Ss oe Oo 8 Gc 8 1,700 
PENA UT On Oo Nite 20 co 6) Ole OG) OG Dae o@ Go 1,410 23,400 
Pe MCHS OLSEOUIOSUS! aA ck FOS Way sh) 19's, iat apiher aw) eater ta Ve oe 640 6,400 
Fg rete ae 170 1,394 


Fucus serratus 


TABLE XX 


Numbers of individuals of Littorina obtusata in W. Sweden after data of GIsLEN (1930). 


Species Per kg of alga Per sq. m Depth below M.S.L. in cm 
IETS UTA on 6 BO 6 Boe oo 16 95 0-30 
TRL gi US GG Gg Glo & fos oe 33 250 0-40 
1 14 20-60 


Ascophyllum nodosum... + + + +++ 


TABLE XXI 


Mortality of Littorina obtusata on different algae. The figures denote numbers. 
Figures between brackets denote the duration of the experiments in days. 


Fucus serratus Ulva lactuca Chondrus crispus Gigartina stellata 

total died total died total died total died 
var. citrina 49 2E(9) _ —_ 50 50 (9) 50 45 (3%) 
var. olivacea 49 10 (9) 25 3 (7) 41 10 (9) 25 14 (3%) 
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TABLE XXII 
Geotaxis after exsiccation (A) and after immersion (B) (exper. EBBiNGcE WUBBEN)- 
I = total number of animals used 
II = Number of animals showing negative geotaxis 
III = Percentage of animals idem 


Conditions during the experiment: 
Treatment before 8 P 


the experiment: Immersed Exposed to the air 
ek Dark Light Dark Light 
uring: 
I II Ill i Il Ill I II Ill I II Ill 
0 hours 58 56 97 « Ged 18 18 100 18 16 89 
6 hours Hel 76 99 83 81 98 
18 hours 18 18 ~=100 17 ©) 53 
26 hours 87 86 99 40 35 87 38 28 74 
60 hours 41 39 95 40 29 72 19 13 68 


B. Immersed 


during: 
0 hours 58 56 97 18 18 100 18 16 89 
36 hours 77 76 99 83 81 98 
102 hours 46 45 98 40 oi/ 92 41 34 83 
160 hours 45 43 96 44 39 89 
250 hours 42 42 100 41 41 100 40 38 95 40 38 95 


370 hours 44 49 96 "38 37 97 39 34 87 
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TABLE XXIV 
Results of movement of Littorina obtusata due to negative geotaxis. Start: under water. 
Figures denote numbers of animals. 


After 15 hours After 84 hours 
olivacea citrina olivacea citrina 
INNO IEISe G om. o GO 6 GB 4 6.t c 132 88 134 48 
/NaivkiuhaKetere Wye Olt a Cr Gare Bo 5 1 8 4 9 
Below Water saps i ef se ko) we OE 11 4 15 27 
TABLE XXV 
Numbers of animals used in experiments 1-7. 
Var. citrina Var. olivacea 
Ex Duration of exp. From From From From 
AD eT0e in days 
F. serratus F. vesiculosus F. vesiculosus Ascophyllum 
op 3:5 109 
22. 4.8 88 
aad 5 93 
4. 6 215 211 
Slee 7 222 210 
Cae 5 306 300 
Ue ARE een 6.5 277 283 
Sas 5 68 87 
Om 2 197 157 
Total fe-seke a eee 598 780 740 705 
_rmnn__ ——— MDBVMC_ —""'"" 
1378 1445 
lu 
sys 
2823 
TABLE XXVI 
Choice of algae by var. olivacea (exp. 1-7). 
From Ascophyllum From F. vesiculosus 
Total 
Number of exp. 1 2 4 5 total 6 7 total i 
Fucus vesiculosus...» . 19 27 33 18 97 31 8 39 136 
Pocus SpGus 3% es. ks 14 15 22 37 88 26 68 94 182 
Fucus serratus... 1. s 13 16 13 28 70 34 34 68 138 oS 
ZAQGIOUIED oo 0 bo 0 3 8 44 9 64 66 27 93 157 
Ulva. Oe we sce ath 5 0 7 3 15 5 14 19 34 
Rorphyrars nts tence sais ts 2 0 1 3 6 8 12 20 26 
Chondrus . 1 1 2 1 5 9 4 13 18 Se 
Gigartina . 0 2 1 2 5 i) 5 10 15 
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TABLE XXVII 
Choice of algae by var. citrina (exp. 1-7). 


From Fucus serratus From F. vesiculosus 
Total 
Experiment no. 3 4 5 Total 6 7 Total 
Fucus serratus II 34 36 61 BS) 37 70 151 
Fucus vesiculosus 9 35) 24 68 32 14 46 114 4 
Fucus spiralis 5 26 25 1) 29 40 69 124 209 
Ascophyllum 7 21 4 32 33 9 42 74 
Chondrus 6 16 4 26 25 8 33 59 
Ulva 11 2 11 24 14 9 23 47 5 
Gigartina 4 5) 4 13 8 4 12 25 og 
Porphyra 3 3 1 7 16 8 24 31 
TABLE XXVIII 
Results of exp. 1-7 after correction. 
olivacea cilrina Total 
PASCOPNYL ltr ttc: toda. sh oa tsa Wee: ah se eae al eee eas) 193 142 335 
UCUS UESECULO SUS Ue tae stra” tar eters Pre tay Poona) oes ee 175 134 309 
PENSOTT AT Sie ar ho) AoW i (8 Nap gt ROM a alate s,s. eer ust card 120 163 283 
FS 22 ARS Ge IG) Ga COT eatin ID EOP GG ede wee 6 120 102 222 
TABLE XXIX 
Result of exp. 9. 
olivacea citrina Total 
ES SCLTALUS Rte) oh ca av tee eis ig Rss 1d) rey WEN fonts te Tet re 38 57 95 
INSNGHUES 6 0 oi Om co ao od oO 8 pene oe 25 32 OT 
HER GAS dog (GO A Go ted Ger ao 6 ad oye o 25 27 52 
TDG i aah deg oF 6 pO ig 08 0 lo THe 9 18 
Motaltee sacweurd ele toe. el, G. RD. fe Geieas cleo tee: Be 97 125 222 


TABLE XXX 
Total of exp. 1-7. Numbers of animals on algae above water surface (var. olwacea). 


Experiment no. 1 2 4 5 6 7 Total 
Fucus serratus . 7 IGS 2 19 28 il? 88 
Ascophyllum . 3 8 14 4 46 12 87 
Fucus spiralis 9 13 13 25; 17 44 121 
Fucus vesiculosus... + + 17 12. 7 9 10 4 59 
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TAB IE OxsL 
Numbers and percentages of Littorina obtusata attracted by Fucaceae from a distance 
of 1.5 m in flowing water. Experiments VERWEY. For explanation see text. 
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Experiments without algae 


Experiments with algae 


Date 


Not around inflow Around inflow 


Date 


Not around 


Around inflow 


inflow not on algae on algae 
22% 115 36 Dilexs 164 6 + 25 
27x 185 6 22 X% 139 8 62 
2 XI 180 3 29X 132 20 38 
5 XI 148 6 3 XI 138 23 16 
18 XI 2S} 1 6 XI jt 21 30 
23 XI AN 4 19 XI 112 9 9 
25 exo 102 10 24 XI 108 5 18 
26 XI 121 4 3 
Total 852 30 Total 96 + 201 
Percent. 96.5 3.5 
Totals 1025 207, 
Percent. 78 22 
TABLE XXXII 
Choice between algal extracts. 
olivacea citrina 
Total 
Experiment no. 12 13 14 Total 12 13 14 Total 
Ascophyllum 5 9 13 27, 7 7 18 32 29 
Fucus vesiculosus 0 10 11 PAs 4 4 31 ao 60 
Fucus serratus 12 6 i) 21 Ne 6 13 36 57 
Fucus spiralis ll 1 _- 18 6 3 = 14 32 
Chondrus 5 3 4 12 10 2 Fi 19 31 
Ulva 10 8 14 32 12 7 39 58 90 
Porphyra 6 10 9 25 12 6 3 49 74 
Gigartina 7 5) 3 His) 10 4 15 29 44 
Aver umber 
verage number Poe a ae ee he ia es oe 


on the check plates 


TABLE XXXIII 


Choice of Littorina obtusata of different species of algae (experiment in complete 
darkness). Figures denote numbers of animals. 


var. olivacea var. citrina Total 
Fucus vesiculosus . 17 5 
Ascophyllum nodosum. . 1433 4 60 
Fucus serratus . 12 9 
Chondrus crispus 5 il 
Ulva lactuca . 2 1 
Gigartina stellata . 1 3 15 
Porphyra laciniata. ) p. 


Average of the check tiles without aleae . . . 2 1 3 


| 
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TABLE XXXIV 
Choice of Littorina obtusata of different sectors containing different species of algae 
under glass. Figures denote numbers of animals. 


olivacea citrina 
Lessiiuminatedisectors, “Grgartinay <4 2266 2 6. 4k ee ys 13 2) 
RUGUSESETTQLUS TS (olla iets), yuki wi is) oh 10 12 
Intermediate sectors UID GN een ce ue aay Toone USO GY ei Sed 6 5 
Bimphys ta eases ee cin =e ete tonto 5 2 
Bright sectors Ascophyllum. Apne Prseee cned ce 0 1 
Ghondrus eo, Piva waver tea suns ene inte 0 2 


TEAS EAD MENeW 
Behaviour of animals on a shore without algae. Exper. Epsincr WuBBEN. 
The lowermost belt was covered with algae; for explanation see text. 


Level 
Tidal level height 
incm 
} | 
Days after start 0) 1 2 3 4 5 6 i} 
MEHWS— 
a 1 1 1 I 0° 0 0 
| so— 
| 33 26 25 7 0 1 2 
60— ; 
MHWs— | 30 22 9 17 13 i 5 
MHWN— 40— 
| 
| 99_! 21 24 10 18 14 "i 4 
eal 
| | 
MsL—| 0—! 215 35 60 37 19 15 12 6 
MLHWN— | 
MHLWN— 
==90=" 30 14 12 3 4 B 5 


Total 215 150 147 of 65 46 30 22 
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TABLE XXXVI 
Influence of algae on negative geotaxis (exper. EBBINGE WuBBEN). 


With algae Without algae 
Level : 
Tidal level height After ites 
Bae 0 day 1 day 0 day 1 day 
MHws— 
MHWN— + 40— 
1 
20 
(0) 
MSL—| +0—] 3 
MLHWN— = 
MHLWN— 
8 
9 (ae 
14 
—40— 
50 22 
50 9 
60 
3 
1 
MLWN— =| 
MLWS— 
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I. INTRODUCTION 


This paper deals with the question what percentage mussels retain 
from the material suspended in the water they pump over and through 
their gills, and what influence the size of the particles of the suspended 
material has on the percentage retained. The question has given rise to 
a good deal of controversy. 
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The gills of mussels consist of a double wall of loose filaments, 
connected at intervals by ciliar discs. Between these filaments there are 
openings, the so-called ostia (fig. 1). 

The water is transported through these ostia by a ciliary mechanism, 
and at the same time particles are strained off. After that the water 
passes through the intra-filamental chamber to the 
suprabranchial chamber and further to the exhalent 
aperture. 

Four groups of cilia are found (fig. 1): 

a. the frontal cilia, on the front side of the filaments; 
b. the large latero-frontal cilia, neatly arranged in 
arow along either side of the frontal edge; in cross 

sections only one of these cilia is visible on each , 

side; the cilia from both sides of the ostium inter- 

lock; 


Fig. 1. Two filaments of the gill of a mussel, with the ostial 
opening between them and the ciliar groups as indicated in 
che text. Watercurrents in the direction of the arrows. 
abf = abfrontal side. After D. Atkins, Journ. Mar. Biol. 
Ass., 17, 489-543, 1931, somewhat changed. 


c. the lateral cilia, in the ostia not far from the latero-frontals; 
d. the abfrontal cilia. 

The lateral cilia, and perhaps also the abfrontal cilia, take care of the 
water transport, i.e. the pumping. The first two groups deal with the 
straining. 

The classic opinion on this straining is that the laterofrontal cilia 
form a sieve. Particles would be sieved out and thrown onto the frontal 
cilia. Embedded in mucus they are then transported by the frontal 
cilia to the foodgroove. Already in 1905, however, WALLENGREN 
observed that the particles may adhere to the long latero-frontal cilia, 
which are very sticky. This does not point to a sieve mechanism. 

In 1941 MacGinirtE suggested that an altogether different mechan- 
ism might be involved. According to his theory, a sheet of mucus is 
secreted which covers the whole gill surface, and the straining process is 
supposed to consist in the filtering of water through this sheet. Such a 
film of mucus would be able to strain out very fine particles and 
colloidal matter completely by ultra-filtration. If no mucus sheet were 
secreted, the particles of average size would pass the gills, and only very 
large ones that cannot pass the ostia would be sieved out. MacGuniTIE 
actually observed that the secretion of mucus can be stopped in mussels. 
The mechanism itself, however, was not studied in mussels, but in the 
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Gephyrean worm Urechis, which makes a mucus feeding net. In his 
experiments with proteins he came to the conclusion that the pores in 
the mucus net of Urechis were between 3 A and go A (average 40 A). 
If the same is assumed for mussels, all particles above 90 A would be 
filtered out in one passage when a mussel is feeding.’ 

The use of mucus feeding nets is actually found in other molluscs. 
WERNER (195!) has described two filiform mucus feeding nets in the 
Gastropod Crepidula. One net is spun behind the inhalent aperture by 
a mantle gland. It removes the larger particles. The other consists of 
threads that are parallel to the filaments of the gills and are transported 
over the gills by cilia. 

The view that very small particles, down to colloids, would be 
retained, was already held by Fox, Sverprup, and CunNnINGHAM 
(1937), and in 1943 Fox and Cok made reference to some preliminary 
experiments with colloids, such as congo red and soluble starch, which 
showed that both substances were retained. 

Ga.tsorF and Loosanorr determined the extent of straining in 
oysters by comparing the inhaled water with the exhaled. To this 
end they brought a tube into the exhalent aperture, so that the water 
could be caught. They found that the extent to which small particles 
are strained out may vary considerably. MacGiniTIz’s hypothesis might 
be able to account for this, and several investigators defended his view. 

In our own experiments we placed a tube in the exhalent aperture of 
mussels, in the same way as GALTsorF and LoosanorrF did with oysters. 
The extent of straining was studied by comparing the turbidity of the 
water leaving the animals with that of the inhaled water. The results 
differed from what might be expected of the action ofa sieve orultra-sieve 
mechanism, and rather suggested another mechanism. Direct obser- 
vations on very young mussels, where it is possible to look right through 
the shells with a microscope, confirmed this view. They suggested a 
mechanism in which particles are caught by contact with adhesive 
substances, as was described by WALLENGREN. The particles adhere to the 
single latero-frontal cilia and are then wiped off on to the frontal cilia. 

In working with different suspensions the relation between the size 
of the particles and the extent of straining was studied, and different 
size groups were distinguished. In some size-groups variations in the 
extent of straining were considerable and appeared not to be directly 
related to the rate of pumping. In comparing the results especially the 
maximum percentage of straining was considered important. 

The experiments were carried out from February to September 1952 
at the Zoological Station in Den Helder, Holland. We are indebted to 
the director, Dr. J. VERwEy, for his suggestions and helpful criticism, 
and to Dr. P. Korrinca for his critical reading of the manuscript. 
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II. MATERIAL AND METHODS 


The experiments were carried out with common mussels ( Mytilus 
edulis) of 6-7 cm length from the neighbourhood of Den Helder. 
Before use the mussels were kept for a couple of days in running water. 
The fairly clear seawater of the Station was used for this purpose. 
The method employed to study the extent of straining was based 
on a comparison of the inhalation and exhalation water. Inflow and 
outflow had therefore to be separated. To this end a small plastic tube 
was inserted into the exhalent aperture. A small part of the shell in the 


Fig. 2. Mussel in plaster of paris, see text. 


neighbourhood of the latter was ground away, the shells were then 
carefully forced open with a forceps, and the plastic tube was inserted 
into the aperture. The outer diameter of the tube was 4, the inner 
2 mm. The inserted end of the tube was cut off at an angle of 45° 
(fig. 2) to make it fit properly into the cavity. The mussel was then 
embedded in plaster of paris in such a way that a space was left open 
for the inflow of water. 

The specimens would be prepared in the afternoon and used during 
the following days. They do not keep well for a long time because the 
plaster dissolves in seawater. The preparation did not always succeed 
and a number of mussels had to be discarded next morning. The 
mussels were tested before use by placing a small drop of a carmine 
suspension with a pipette in front of the opening of the tube. If this 
suspension was blown away by a jet of water the mussel was supposed 
to be suitable for the experiment. 

The mussels, thus prepared, were placed in an aquarium in which 
the water level was kept constant by overflow (fig. 3). The apparatus 
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allowed of electrical regulation by means of a contact thermometer 
(a), a relais (b) and an electric heater (c). A large cylinder jar (d) 
with ice and salt for cooling could be placed in the basin, which 


Fig. 3. Apparatus used, see text. 


further contained a tube for aeration and stirring (e). A plastic tube 
was attached by means of a rubber connection to the plastic tube 
inserted into the mussel siphon (f). This tube, carrying off the out- 
flowing water, as well as a control tube (g) placed beside it, were bent 
over the side of the aquarium. In order to prevent any siphonal action 
or extra-pressure the ends of both tubes f and g were fixed at exactly 
the same level as the water level in the mussel’s aquarium. The water 
dripping from tube f must therefore have been pumped by the mussel. 
The amount of exhaled water was measured in two ways: 
a. over a short time range by recording the time intervals between 
subsequent drops; 
b. over a long time range by recording the time needed for filling a 
small cuvette. 
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The outgoing water was collected in a small cuvette and then 
compared with a sample of the original water taken from near the 
inhalent aperture. The concentration of the suspensions was determined 
by means of an electrical colorimeter, trademark “Objecta’’, supplied 
by Bleeker, Holland. The quantities of light transmitted are a measure 
for the concentration of the suspensions; the extinction values were 
used as such. The colorimeter has a monochromator and the deter- 
minations were made in violet light of 4200 A. The percentage strained 
can be determined from the extinction values found, since it is: 


Extinction initial water minus extinction exhaled water 
I0O X = 


Extinction initial water 
In the preparation of suspensions substances should be used which 
settle slowly, have a particle size as homogeneous as possible, which 
do not quickly flocculate in seawater and are easily suspended. Further, 
the particles must not disintegrate during straining. In our experiments 
we used the following suspensions, the particle sizes of which are given 
in microns. 


carbon black 0.0I—0.3 

milk (fresh) 0.14-6.3 

bacteria (0.4-0.6) * (2-3) 

flagellates 1.52.5 

beaten cowblood 7-8 

bolus alba (clay) up to 15 (after one night settling) 
maize starch 235 

wheat starch 2-37 

Lycopodium powder 30-40 

silt suspension up to 40 (after 1-2 hrs settling) 


III. PUMPING 


The pressure produced by the mussel’s pumping was determined by 
comparing the height of the water pressed into an extension piece of 
the plastic exhalation siphon with the waterlevel within a control 
tube of the same diameter, placed in the water beside the mussel. The 
results obtained are given in the following table. 


TABLE I 
Pumping pressure of mussels of 6—7 cm length. 
Date (1952) Temp. °C. Rate of pumting in cc/hr Pressure in mm of water 
Aaa 13 [20 4 
me at ro 5 
374 9 222 5:5 
9-4 ig) 195 D 
24-4 18 150 3 
24-4 18 200 3 
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The highest pressure found was only 5.5 mm of water. Though it 
should be realized that, if a mussel has no tube in its exhalation siphon, 
the pressure obtained may be higher, it is probable that the pumping 
mechanism produces only very low pressures. This seems surprising 
in view of the fact that rather strong currents may be observed in front 
of the exhalent aperture of pumping mussels, especially in large 
specimens. One can easily demonstrate, however, by connecting two 
aquaria with a difference in level of about 5 mm, by means of a narrow 
siphon filled with carmine suspension, that very small differences in 
pressure may cause rather strong currents. 

The quantities of water pumped were determined by recording the 
amount of time elapsing between drops. The seawater used was 
nearly free of suspension. The drops were about 0.05 cc each. The 
quantities pumped by such harnessed mussels are much smaller than 
those pumped by normal animals owing to the resistance in the tube. 
In a number of cases a fairly constant rate of pumping was observed, 
interrupted by shorter or longer periods of rest. Such periods may also 
be observed in normal mussels, but WALLENGREN (1905) has shown that 
pumping is continuous under normal conditions, and that changes or 
periods of rest are due to external influences. The periods of rest continued 
when a tube was inserted between the mantle edges and one would there- 
fore feel inclined to ascribe them to a ciliary standstill. Very regular 
pumping with few periods of rest was observed when the temperature 
was lowered after it had been high (20-27 °C) forsome time. High tem- 
peratures themselves produced a higher frequency of the periods of rest. 

In fig. 4 a graphic representation is given of observations made on 


Pumping 
cc/hr 


S 


! Ca 
250 500 750 1000 Seconds 


Fig. 4. Graphic representation of the mussel’s pumping, measured by recording 
intervals between drops. Results expressed in cc per hour. Short periods of rest are 
clearly noticeable. See text. 
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the quantity of water pumped by one particular mussel. For a period 
of 1000 seconds the number of seconds between successive drops was 

: counted and the results expressed in 
Pumping terms of cc per hour. Accordingly, 


ecihr 


there are a number of levels corre- 
sponding with the numbers of seconds. 
All volumes in between the levels 
would have been present if parts of 
seconds had been recorded. Actually, 
the variation of pumping will have 
been more gradual than indicated 
by the graph. 

Observations over somewhat longer 
periods were made by means of small 
cuvettes of 13 cc. The time required 
for a mussel to fill a cuvette was re- 
corded. By this method more aver- 
0 a 50 75 > age values were obtained (fig. 5). 

"«<s Because of their short duration, pe- 
Fig. 5. Graphic representation of the riods of rest now escaped observation. 
mussel’s puraping, measured bynoting “Qhanges in the quantities of water 


the time needed to pump 13 cc. Results 
for 3 specimens expressed in cc per pumped would only be observed after 


hour. Short periods of rest escape 2 continued or stronger decrease in 

observation. pumping or after longer periods 
of rest. 

The results given in figs. 4 and 5 were obtained with mussels kept 

in seawater from the Station’s circulation system, which contains very 

little suspended matter. If similar observations are made on mussels 

in seawater containing more material in suspension, the mussel’s water 

output may decrease considerably, as follows from table nm. 

In view of the fact that pumping may show much variation, the number 
of observations is in some cases small, but the results tend to show a 
decrease in the quantities of water pumped with an increase in the 
concentration of the suspension. This decrease is not due to an increase 
in the periods of rest, as was proved by timing intervals between drops. 
The results agree with those of Loosanorr and ENGLE (1947) and 
Loosanorr and Tommers (1948), who found for Ostrea virginica that 
an increase in the concentration of organisms, silt, kaolin, CaCO, and 
Fuller’s earth causes a reduction in the quantities of water pumped of 
up to 80% and more. 

Observations were also made on the influence of temperature on the 
quantity of water pumped. These observations will be published 
elsewhere, however. 
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TABLE II 
Average quantities of water pumped at different concentrations given in sequence of 
experiments and expressed in cc per hour. Numbers of observations between brackets. 


Mussel number Clear water Milk Low conc. High conc. Clearseawater Low conc. 
I 195 (8) 160 (9) 112 (24) 156(11) 122 (8) 
II 177 (10) 148 (7) 134(30) 209(10) 190 (5) 
III 220 (9) 205 (17) 122 (21) 183 (8) 176 (6) 
IV 146 (6) 150(13)  93(19) 175 (8) 170 (6) 
Average 185 166 115 181 165 
NE 104 (7) Blood 46 (4) 53 (9 81 (5) 81 (3 
VI 98 (6) roo (8) 86 (15) 147 (9) 123 (4 
Average IO 73 70 114 102 
VII 188 (6) Silt 136 (5) 120 (4 173 (14) 145 (11 
VII 208 (7) 1960(7), 1148i(12), 223. (7) - 186: (5 
eal 62 (2) 1503). we BeDe WAP SA), TAG 
Average 153 136 113 166 134 


IV. STRAINING OF SUSPENSIONS IN RELATION 
ADO) JRANIRIMINC E18, SAIS, 


A. STRAINING OF SUSPENSIONS OF A SINGLE SUBSTANCE 


The water pumped through the gills of a mussel is strained. The 
particles retained are either used as food or discarded as pseudo-faeces. 
Very fine particles can be strained out, and it is known that mussels 
can even clear bacterial suspensions. ZOBELL and FELTHAN (1938) 
showed that the animals can live for long periods on nothing but 
bacteria and, as has been stated in the Introduction, even colloids are 
supposed to be retained. In the experiments in question, however, the 
same water was pumped again and again through the mussels and it is 
uncertain what percentage of the material was strained out in a single 
passage. 

As described in section 2, the percentage retention of a given 
material was found by comparing the initial concentration with the 
concentration of the exhaled water. The colorimeter made a rapid 
determination of both concentrations, expressed in extinction values, 
possible, and from these values the straining percentages were directly 
calculated in accordance with the formula given on page 92. 

A number of preliminary experiments were carried out with sus- 
pensions of beaten cow blood in seawater. It was found that the 
percentage of material retained would show a great deal of variation in 
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one and the same animal, even when pumping was constant. Since this 
could not hold for particles too large to pass the ostia, we supposed 
that there might be different size groups of particles, each behaving 
differently. Their percentage retention might depend on the diameter 
of the ostia on the one hand, on the spaces between the latero-frontal 
cilia on the other. Accordingly, we worked with particles of very 
different sizes. 

1. A group of large particles, of such a size that they would not be 
able to pass the ostia, which have a diameter of some 40-45 pu. We 
chose Lycopodium spores as a representative of this group. 

2. A group of medium particles, which could pass the ostia, but would 
at the same time be larger than the spaces between the latero- 
frontal cilia, so that they could probably be completely retained. 
Blood appeared to be a representative of this group; starch grains of 
wheat and maize might likewise be. 

3. A group of small particles, possibly too small to be well retained. 
In this size group experiments were made with milk, flagellates, 
bacteria, carbon black, and colloids. 

The suspensions are here dealt with in order of particle size. 


1. Lycopodium spores 


The largest particles of uniform size were the spores of Lycopodium, 
which can be had as Lycopodium powder from druggists or chemists. 
They form an ideal material for experiments like these, since they are 
rather uniform in size: about 30-40 «; they are light, do not flocculate, 
and easily disperse in seawater. In all, we obtained go values for the 
extent of straining measured in 4 animals. Each value was obtained by 
determining both the extinction value of the exhaled water in a cuvette 
of 1fi cc and the extinction value of the suspension at the start in such 
a cuvette. As stated above, the straining percentages were calculated 
directly from these two in accordance with the formula given on page 92. 

It follows from these observations that 93-100% of the Lycopodium 
spores are retained. Microscopic examination of the exhaled water 
revealed the presence of spores of normal size. Their number, however, 
was too small to exert any influence on the colorimetric determination 
in those cases where the percentage of straining was 100. 


2. Oul-emulsion 


A suspension containing even larger particles than Lycopodium spores, 
but at the same time containing a high percentage of very small 
particles, was an oil emulsion in milk. It was prepared by thoroughly 
mixing 75 cc of seawater with 25 cc of fresh cow milk, 5 cc of peanut-oil 
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and 4 drops of an emulgator (synthetic detergent). This mixture was 
added to 10 litres of seawater. The oildrops have various diameters, 
up to 165 w, the majority were 30-50 yw, the milk globules are for the 
greater part below I wu. 

Since the particles showed so much variation in size it was deemed of 
interest to observe whether after filtration a difference in diameter 
could be noted. To this end the largest particles contained in the 
exhaled water of 3 different mussels were measured and found to be 
15, 12 and 6 w respectively. At the start of another experiment the 
largest particles of the suspension were found to be 70 yw. In this case 
the exhaled water of a mussel was studied 3 times. In all, 20 oil drops 
were counted and found to measure 6-15 mu, the majority being about 
10 w. This means that, relatively, more large drops are retained than 
small ones. 


3. Wheat starch 


A number of experiments were carried out with wheat starch. The 
grains differ much in size, from about 2 to 37 w. They are heavy and 
therefore settle rapidly. ‘To make sure that no values would be found 
for the extent of straining that were actually too high because the 
grains might possibly settle within the mussel, an empty mussel shell in 
which a tube had been fastened was used by way of control. The tube 
was fitted in such a way that by siphonic action the same flow of water 
was obtained as in the living mussels. Straining values were deter- 
mined 3 times. 

Again, the difference in diameter between the grains present at the 
start and in the exhaled water was déretmnined” To this end, both 
from the water that passed the empty mussel and from the water 
exhaled by the living mussel 100 grains each were measured and their 
sizes compared. 

TABLE III 


Rates of pumping and extent of straining for wheat starch. Diameter of starch grains 
in exhaled water and control. All dimensions in microns, each sample 100 grains 


measured. 
Diameters 
Pumping (cc/hr) Straining (%) Average grain Average grain Die Mean error of 
size control size exhaled water diff. 
130 73 9.8 5.2 4.6 0.7 
130 85 Ht 5.3 6.0 0.7 
104 81 8.1 5.6 2.5 0.6 


It follows from fig. 6 and table 1m that in 3 cases (one cuvette filled in 
each) percentages of straining of 73, 81, and 85 were obtained. The 
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averages for 100 grains measured, the differences between them, and 
their mean errors are also given in table m. Relatively, the small grains 
have increased in number, the large grains have decreased. The 
decrease in average grain size is significant. Larger grains are better 
retained than small ones. 


Number 


~9=——9o~ ~ 5 - a8 


34-36 
37-39 


Fig. 6. Differences observed in the size of grains of wheat starch after passage through 
mussels. Continuous line refers to exhaled, dotted line to control water. Each sample 
100 grains measured. Sizes in microns. 


4. Maize starch 


Grains of maize starch, like those of wheat starch, vary a good deal in 
size, from about 2 to 35 uw diameter, but grains above 30 uw hardly occur. 

The method employed was the same as in the case of wheat starch, 
an empty mussel shell being used as control. Here, again, 3 values 
(relating to one cuvette each) were obtained for the extent of straining, 
and in each case, both from the exhaled water and the control, 100 
grains were measured and their sizes compared. It was difficult to find 
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100 grains in those cases in which straining had been to the extent of 
100%. The figures are given in table rv and fig. 7. 


TABLE IV 
Rates of pumping and the extents of straining for maize starch. Diameter of starch 
grains in exhaled water and control. All dimensions in microns, each sample 100 
grains measured. 


Diameters 
7: PAINT fey, 
Pumping (cc/hr) Straining (%) Average grain Average grain Diff Mean error of 
: size control size exhaled water ate diff. 
97 75 8.8 oak Way 0.4 
88 + 100 11.6 9.4. 2.2 0.7 
82 + 100 10.4 5.7 Ay 0.7 


It follows from fig. 7 and table tv that the extent of straining amounted 
to 75, 100, and 100% respectively and that, here again, larger grains 
are better retained than small ones. Relatively, the small ones in- 
crease in numbers. The decrease in average grain size is significant. 


Number 
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16-18 
19-21 
22-24 
25-27 


Fig. 7. Differences observed in the size of grains of maize starch after filtration. For 
explanation see fig. 6. 
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5. Blood 


Many experiments were carried out with fresh, beaten cow blood, 
obtained from the slaughter house and kept fresh for several days on 
ice. It seemed ideal because it produces a homogeneous suspension of 
uniform particle size (7-8 ) and keeps well in seawater. Sedimenta- 
tion of this suspension is low as compared with others. The concentra- 
tion used was always 0.17 cc of blood per litre of seawater (extinction 
value + 0.250). The results of the experiments are summarized in fig. 8. 


Number of 


observations 


25 


95-100 


% Straining 


Fig. 8. Frequency distribution of values found for the extent of straining of blood 
suspensions of 2 cc per 12 litres. All results obtained with 5 animals added up. 


It follows from these results that the extent of straining may attain 
a value of 98 %. The most striking result with blood was, however, the 
pronounced variation in the extent of straining in one and the same 
animal combined with constant pumping. There were periods when 
nearly everything was strained out, at other times nearly everything 
was let through (see fig. g). 

No relation was found between the rate of pumping and the extent 
of straining. These results are in agreement with those of LoosANOFF 
and ENGLE (1947), who found much variation in straining in oysters. 


6. Milk 


Milk is an emulsion of particles of different sizes, varying in fresh milk 
from 0.14 to 6.3 w. The majority are smaller than 1 yw. About ro cc of 
milk were used per 12 litres of seawater. The results are given in fig. ro. 
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Fig. 9. Quantities of water pumped and percentages of blood strained from a 
suspension of 2 cc blood per 12 litres of seawater. The extent of straining changes 
continually, also when pumping is more or less constant. 
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Fig. 10 shows that the extent of straining varies between 5 and GOUR. 
A value of 60 °%, however, is apparently only attained with difficulty, 
most values are 5—-20°% only. Mussels, therefore, retain only a small 
part of the particles of such a suspension in one passage. 


Number of 


observations 


20 


15-19 


20-24 
25-29 


30-34 
35-39 
40-44 
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50-54 
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Straining 


Fig. 10. Frequency distribution of values found for the extent of straining of milk 
suspensions of 10 cc per 12 litres. All results obtained with 9 animals added up. 


In milk, as in starch, larger particles are strained out better than 
small ones. Since the size of the particles, especially the small ones, 
was too small to be measured directly, an optical method was em- 
ployed, based on the principle that the difference in scattering light of 
different wave lengths increases when the particles causing this 
scattering become smaller. 


Light, falling through a suspension, is scattered. Scattering depends on the number 
and size of the particles, the difference in refractory index between medium and 
particles, and the wave length of the light. If the particles are not very small (above 
about 10 yw) scattering is the same in light of different wave lengths. If the particles 
become smaller, scattering becomes different in different wave lengths, till below a 
particle size of 0.1 4 (1000 A) scattering is inversely proportional to the fourth power 
of the wave length (Lord Raleigh). The more the light is scattered the higher the 
extinction value recorded by a colorimeter. Therefore, the smaller the particles of a 
suspension the larger the relative difference between the extinction values in light of 
different wave lengths, e.g., violet and red. If a suspension contains enough particles 
of a size below 1 w, a mussel straining off more large than small particles will cause 
the average particle size to diminish and the difference between the extinction 
values for, e.g., red and violet light in a colorimeter to increase. It should be added 
that dilution of a suspension does not cause any change in the relative extinction values 
for red and violet light in a colorimeter. 


The results are given in table v. The colorimeter readings before 
and after filtration as well as the straining percentages calculated 
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from them are given for the violet and red part of the spectrum (4200 
and 7000 A). 


TABLE V 
Extent of straining of fresh cow milk, measured in violet and red light. 


Colour of light 


Violet, 420c A Red, 7000 A 
Colorimeter extinction 
Initial value: 
Pn Sa em met at ahh eee tenes 0.260 0.110 
eee ce hate 1) ae BOLE E 0.285 0.115 
AT ater ee aie eet Oe nds e Dem ote ne Mo ee aes 0.280 0.105 
LVR MES ea eer ree ee he eee 0.280 0.105 
Exhaled water: 
Hipp cas Tivciths Mtoe cis dy alata. ap! By bs 0.160 0.050 
IN ae eae ey ee hs Sat EE ee ee Pe, 0.220 0.065 
ee a Mt ep ae be athe 0.200 0.055 
Ning Seen el Pent on ed Ree hy Re ME SO ee 0.190 0.052 
Percent. of straining: 
ORSAY PRD 0S cet he IL Mae: 40 55 
eT iacsd Rcaetn ep toe as, eect ak Boo vope atin 23 42 
LOG CES POM 1 Sarco needa rr gerae na © ae 29 48 
LG eS oe ie AS re nem ae Renee are WV 32 51 


Centrifuged milk was also used. Centrifuging was performed at 3500 
revolutions a minute for 45 minutes. Since it may be expected that in 
such a suspension only particles of small size are found the difference 
in the extent of straining, when measured in red and violet light, 
must be greater. A comparison of tables v and vi shows that this is 
indeed the case. 


TABLE VI 
Extent of straining of centrifuged cow milk, measured in violet and red light. 


Colour of light 


Violet, 4200 A Red, 7000 A 
Colorimeter extinction 
naninicllevctrehwe yy eee tn, at neces Aa seen 0.080 0.015 
Rhialedewateren pfu.) sek Gwe: tmnt verte 0.070 0.010 
JMEIRGAt, OF Savarimnoer 5b So 4 a A Oo me 12.5 44 


7. Clay (bolus alba) 


A result similar to that with milk was obtained with a suspension of 
clay (bolus alba), which was used after the large particles had settled 
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by standing overnight in seawater. The straining percentages for a 
inussel in this suspension were 75 in violet and 93 in red light. Again, 
the larger particles were strained out better than the small ones. 


8. Flagellates 


A small number of observations were carried out on the straining of 
flagellates. For this purpose Mr. J. W. pe Box kindly provided the 
material. The length of the flagellates was 1.5-2.5 wu. The values found 
(19 in all) relate to one and the same mussel. The extent of straining 
varied between 0 and 50% (both values attained once), with 17 values 
in between. 


g. Bacteria 


Suspensions of bacteria were made by adding sugar and ammonium 
phosphate to seawater. After a few days a rich bacterial suspension 
would develop, which could be diluted for our purpose. We thus had 
material with a particle size of 0.5—2.5 w at our disposal. The extreme 
values found for the extent of straining were 5 and 24%. Since only 
10 observations (on 2 animals) were made, these extremes are not of 
much value. 

Low values for the straining of bacteria are well in line with the 
findings of GALTsorF (1928) that oysters keep back only a small fraction 
of Bacterium colt added to the water; 70-90% escaped through the 
gills and could be recovered in the exhaled water. 


10. Carbon black 


Suspensions of carbon black were made by diluting Chinese ink with 
seawater. Its particle size is very small. The largest particles can only 
be seen with the aid of an oil-immersion objective. According to VAN 
DER WAARDEN (1950) the size of the particles is between 10 and 300 mu 
(100-3000 A). We used 0.5 cc of Chinese ink per 10 litres of seawater. 
The suspension keeps well for a couple of hours, but flocculates after- 
wards. In all, to values were obtained (for 2 animals). They varied 
between o and 3% and at first we thought it possible that no straining 
took place at all and that the values found might be due to variations 
in the colorimeter readings. This, however, was not the case. 


11. Colloids 


As has been shown above, even very small particles, like those of 
carbon black, are partly retained. We may therefore suppose that also 
colloid particles will be kept back, but if the extent of straining is 
proportional to the diameter of the particles, it will be so low as to 
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escape observation. Fox, SverpRup, and CuNNINGHAM (1937) believed 
they had established with certainty that colloids are retained com- 
pletely during one single passage of the water through the gills. Fox 
and Cor (1943) made reference to some preliminary experiments with 
colloids, such as Congo red and soluble starch, which, they believed, 
showed that both substances were strained out. We found, however, 
that these substances are not suitable for experiments. Congo red is 
adsorbed to the tissue of the gills and therefore decreases in concentra- 
tion through adsorption and not as a result of straining. Soluble starch 
rapidly flocculates in seawater and the large floccules are then 
strained out. 

The fact that the colour of Congo red disappears as a result of the 
mussel’s activity does not prove that colloids can actually be retained 
in another way than through adsorption, for proper solutions will 
decrease in concentration in the same way. KorrinGa (1952) observed 
that fountain pen ink was removed by mussels in a short time. The 
same holds for methylen blue. It stains the gills and the mantle edge a 
blue colour, but the mucus in the food groove is coloured only a very 
light shade of blue. In one of our own experiments a mussel was kept 
in a solution of + 1 mg per! of the yellow dye dipicrylamine, which 
is strongly adsorbed to organic material. The concentration in a vessel 
containing one litre decreased as follows: 


at the start 1.09 

after one hour 0.87 

after two hours 0.78 
The concentration of the control solution in a similar vessel without a 
mussel fell in two hours to 1.02 mg/l. 

The yellow colour was strongly adsorbed to mantle and gills. 

These results seem to show that the straining percentage of colloids 
is negligible. Adsorption, e.g. of dyes, and perhaps of ions, will indeed 
take place, but this is not straining, and only if adsorption to mucus 
takes place, some of these substances may be taken up with the food. 

Summarizing the results of the above observations on straining, we 
find the following. 

Mussels retain spores of Lycopodium, with a size of 30-40 mw, to the 
extent of 93-100 %; at least 85 % of the grains of wheat starch (2-37 «), 
and up to 100 % of the grains of maize starch (2-35 m) are strained out. 
With starch grains only few experiments were made, but as regards 
Lycopodium spores the assumption that low straining percentages do not 
occur is probably warranted. These three represent the group of large 
particles, which are let through with difficulty. 

Blood corpuscles (7-8 w) are retained to an extent varying from o 
to 98%. They represent the group of median particles, which may 
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be completely retained and let through entirely. Among this group 
we may apparently also class an alga like Chlorella (5 uw), whose per- 
centage retention, according to Loosanorr and ENGLE (1947), varies 
from o to 92 in Ostrea virginica. 

Finally there is a group of small particles, which Mytilus strains out 
to an extent that falls a good deal short of 100%. It is represented by 
milk particles (about 0.14-6.3 jw), strained out in our experiments to an 
extent varying from o to 60 %; flagellates (about 1.5-2.5 mw), of which 
0-50 °% were retained; bacteria (about 0.5-2.5 “), percentage reten- 
tion 0-24; and finally carbon black and colloids, which are hardly 
retained at all. 

It appears that, for small particles, the maximum values observed 
for the straining are more or less proportional to the diameter of the 
particles and not to their surface. 


B. STRAINING OF MIXTURES 


The foregoing results suggest that there is a definite connection between 
straining and particle size. To investigate this connection more closely 
a number of mixtures of two suspensions of different particle size were 
made and fed to mussels. If indeed we had to do with a matter of 
particle size the straining percentage for such mixtures would cor- 
respond with the value found for the average of the particle sizes of 
the two components. The suspensions were diluted to such an extent 
that both had the same extinction value in the colorimeter; then, 
equal parts were mixed. The results are given in table vu. 


TABLE VII 
Straining of mixtures. 


Straining Straining Straining Numbers of 
percentage percentage percentage observations and 
separate mixtures mixtures (between brackets) 
suspensions (calculated) (observed) those of animals 
1. Carbon black O- 3 
Lycopodium 93-100 47-52 48-51 16 (2) 
2. Carbon black O- 3 
Silt 12 w 58-100 290 38-52 15 (2) 
3. Carbon black O- 3 
Blood 0-98 oF 51 18-40 15 (2) 
4. Blood o— 98 
Lycopodium 93-100 47-99 50-68 1g (2) 
5. Blood o- 98 
Silt 12 pw 58-100 29-99 75-97 41 (2) 
6. Silt 12 w 58-100 


Lycopodium 93-100 76-100 78-100 14 (3) 
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Table vm suggests that a mixture of two suspensions is strained as if 
each of the components were separate. The comparison between 
calculated and observed values is in agreement with this assumption. 
The table shows that all straining percentages actually observed are 
within the calculated ranges. 


Cc. STRAINING OF SILT 


Under natural conditions mussels will take in large quantities of silt. 
This consists of fine sand, clay, shell material, living and dead or- 
ganisms and fragments of the latter. Silt of estuarine or shallow coastal 
water contains many coarse particles as a result of flocculation. These 
floccules, which can partly be seen with the naked eye, form the greater 
part of the silt. Vigorous shaking reduces their size. 

It may be expected from the above observations that straining and 
especially variations in the extent of straining of silt suspensions will 
depend on the size distribution of the particles, and it will therefore 
make much difference what kind of silt suspension is used, and how 
long the silt has had time to settle. When e.g. a suspension has been 
left undisturbed for a couple of days, it will contain only particles of 
the small and medium size groups, and the results of straining will 
differ from those obtained with the original suspension. 

In order to get a rough measure for the correlation between settling 
time and particle size, a suspension was made of 100 cc of fresh silt 
from the Waddensea in ro litres of seawater. It was thoroughly stirred 
and then given time to settle. Beforehand shell or other coarse material 
had been strained off through a 1 mm sieve. From time to time a 
sample of this suspension was taken by means of a wide mouth sampling 
pipette at a depth of 10 cm. The maximum diameter of the particles of 
the sample was approximately measured under the microscope, 


TABLE VIII 
Particle size of settling silt. 


Time Colorimeter Colorimeter Relation 


after Nisan extinction extinction between Dry welent % of silt 
. diam. of range as . ‘ ‘ ae ee of silt in f 
start (in é in violet light in red light extinctions f removed by 
: particles in u es A a in viol | Se settli 
min- (4200A) (partly (7oooA) (partly in vio et anc rater (Gainey) ettling 
utes) (approx.) extrapolated) extrapolated) red light 
(o) 300 4.500 3.100 1.46 333.8 O 
5 200 1.800 1.180 1.52 54.4 83.8 
15 120 0.670 0.430 1.56 25.5 92.3 
30 50 0.610 0.375 1.62 14.8 95-4 
60 40 0.4.50 0.245 1.82 11.9 96.4 
120 30 0.200 0.095 2.10 4.3 98.7 
240 25 0.185 0.080 2.30 


480 20 0.130 0.045 2.90 
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colorimeter extinction readings were made, and the dry weight of the 
silt present in 100 cc of water was also determined. In this way the 
data of table vi were obtained. 

It seems obvious that, though smaller particles occur, the greater part 
of the silt consists of large particles, of a size that mussels, according to 
our above observations, must be able to strain out easily. 

Two samples of this silt were used to determine the percentage of 
straining by a mussel. One sample was taken after 1-2 hours’ settling 
and its maximum particle size was 30-40 w. It is difficult to say what 
may have been the average size. A second sample was taken after 16 
hours’ settling; the maximum size of its particles was 12 w. The results 
are given in fig. 11. They relate to 5 and 8 mussels respectively. 


Number of 
observations 


% Straining 


Fig. 11. Frequency distribution of straining percentages for silt suspensions. The 

continuous line represents values for silt with a maximum particle diameter of 12 

(data for 8 animals added up), the dotted line values for a maximum particle size 
of 30-40 uw (data for 5 animals). 


In the case of a sample with a maximum particle size of 30-40 yu 
the extent of straining was 90-99%, the percentage retention of the 
sample with a maximum particle size of 12 4 was 58-100, with a peak 
around 80. 

These results at the same time indicate that the suspensions in 
question contained a negligible amount of particles of small size (e.g. 
below 3 yw), otherwise no straining of 100 °4 would have been observed. 


V. DIRECT OBSERVATIONS 


Mr. J. W. DE Brox, who worked at the Zoological Station in the 
summer of 1952, drew our attention to the fact that in young mussels 
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Fig. 12. Scheme of position of gills of young mussel, showing the frontal edges of two 

filaments (B) and the rows of latero-frontal cilia on both sides of the ostia (A). The 

part of the gills within the rectangle is reproduced in the microphotograph, in which 

two double rows of latero-frontal cilia are visible, which interlock at the ends 

(along the vertical line CC). In reality the photograph refers to a mussel somewhat 
older than that in the figure. 
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of about 500 yw length the ciliary activity can be seen right through the 
shells. In the summer months these small mussels can be found in 
abundance on the red alga Ceramium. This provided an opportunity for 
direct observations on the straining process. Our observations were 
made under 360 x magnification on mussels placed in a hanging drop 
of a carmine suspension in a moist chamber. Only a few gill filaments 
are to be observed in such young animals and the number of ostia is 
mostly 2-4 (fig. 12). 

It was observed that the carmine particles may stick for a moment to 
the long latero-frontal cilia. When a particle adheres to a cilium, the 
latter decreases its rate of beating and then the particle is wiped off by 
a peculiar movement on to the row of frontal cilia. It sometimes took 
two or three strokes before a particle was wiped off and a few times the 
particle was seen to be freed again. After we had made these observa- 
tions we found that WALLENGREN (1905) described exactly the 
same fact. 

The movement of the cilia was interrupted by periods of rest, though 
we could not observe whether this had anything to do with the opening 
or closing of the shells. At rest, the long latero-frontal cilia form a row 
on either side of the ostia, stretching across; this can be seen in fig. 12, 
which was taken through the shells. In the depth of the ostium then a 
faint movement of the lateral cilia is visible, but no water current 
comes from the exhalent aperture. The pumping begins again like 
an explosion, the cilia all together start a vigorous beating and at the 
same time a jet of water can be seen from the exhalent aperture. 

It was also observed that large particles are held back by the mantle 
edge. The edges then transport these large particles to the place where 
the pseudofaeces are discarded. The mantle, which has a fringed edge 
like old lace, thus preselects the larger particles. The transport of 
material and the formation of pseudofaeces by the ciliar streams of the 
mantle cavity were, however, not further studied by us. Clogging of 
particles in the slits of the ostia was not observed. 

The mechanism, as we observed it in young mussels, is not that of a 
sieve with meshes; it rather consists in the catching of particles which 
adhere to the beating cilia. 


VI. SUMMARY 


1. This paper deals with the question what percentage mussels retain 
from the suspended material they pump through their gills, and what 
influence the particle size of the suspended material has on the per- 
centage retained. 
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2. There is apparently no direct relation between the rate of 
pumping of the mussel and its efficiency in straining. The extent of 
straining may show greatly varying values even when pumping is 
constant, the percentage of material retained may be the same at 
different rates of pumping. 

3. The percentage of particles that is retained depends on their size. 
Accordingly, one can divide the particles into different size groups. 
A. A group of large particles which are not let through or let through 

with difficulty, because they are about the size of the diameter of 

the ostia (30-40 yw) or larger. 

B. A group of median particles which may be completely retained or 
let through at will. Blood corpuscles of about 7-8 mu are a typical 
representative of this group. 

C. A group of small particles, which Mytilus cannot completely retain 
in a single passage of the water through the gills. To this group 
belong milk particles, flagellates of 1.5-2.5 u, and bacteria. 

D. A group of particles that can hardly be retained at all. It is repre- 
sented by suspensions of such substances as colloids and carbon 
black. 

4. It appears that it is especially the diameter of the particles that 
is important. 

5. Mixed suspensions are strained as if each of the components were 
separate. 

6. In suspensions with particles of varying sizes the larger particles 
have a better chance of being caught than the smaller ones. Suspen- 
sions that have passed the gills of a mussel may therefore contain a 
higher percentage of small-sized particles. This was demonstrated for 
particles of medium size (grains of wheat and maize starch) as well 
as for small particles (milk). In the latter case measurements were 
made by an optical method, which is based on the different “extinction” 
values in red and violet light. 

7. Silt, as a suspension of particles that vary a good deal in size, is 
subject to the laws stated under 5. and 6. 

8. Direct microscopical observations on very young mussels suggest 
that suspended particles are caught by adhesion to the long latero- 
frontal cilia. They are then wiped off on to the frontal cilia. Similar 
observations. had already been made by WALLENGREN (1905). 

g. Our observations tend to show that MacGrnirie’s view that 
feeding is based on filtration through a mucus layer is open to criticism 
and that suspended material is actually retained by a mechanism based 
on adhesion to sticky cilia which might be compared to moving lime 


twigs. 
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L’ANATOMIE DE CERBERUS RHYNCHOPS 
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(Institut Royal des Regions Tropicales, Amsterdam) 


MATERIEL ET METHODE 


Le Cerberus rhynchops est un serpent qui se trouve a Java surtout a la 
céte, dans les embouchures des grands fleuves, mais aussi dans les 
petits cours d’eau et dans les étangs ov se fait l’élevage des poissons. 
Tout comme |’ Homalopsis il est redouté pour la perte qu’il occasionne 
parmi les jeunes poissons. 

Notre matériel consiste en 78 animaux miles et 107 femelles. La plus 
grande partie a été collectionnée de 1932 a 1941 a Surabaia (a l’est de 
Java) et le long de la cote du nord. Les mesures du corps et de la queue 
de 8 males et de 8 femelles proviennent des données de KopsTEIN(1931). 

Comme nous l’avons décrit auparavant, les animaux furent tués par 
la piqdre occipitale, pesés et fixés par la transfusion dans l’aorte, 
d’abord de l’eau salée a 1,1 °% pendant une vingtaine de secondes et 
ensuite du liquide de Bouin. Aprés quelques jours de séjour dans le 
formol a 10 °% la paroi ventrale fut ouverte et la distance du commence- 
ment et de la fin des organes prise a partir du museau. Pour l’analyse 
statistique les méthodes décrites dans le manuel de Smmpson et RoE 
(1939) ont été suivies. 

Il n’y a que peu de notes sur la biologie de ce serpent: WERNER 
mentionne qu'il est vivipare et que dans un cas donné la jetée contenait 
12 petits, de 15 a 17 cm de long. SmirH (1943) remarque que les 
‘Setées”” comptent de 8 a 26 animaux, qui mesurent de 175 4 200 mm. 
KopsrEINn (1931) a expérimenté avec le poison qui est effectif pour les 
crabes et semble donner des résultats inconstants pour le rat et les 
poissons. Pour ’homme il est inoffensif. Selon Smrrx l’animal est de 
nature peu agressive ce qui est exactement ce que nous avons observé a 
Java. Sa course sur terrain sec est assez curieuse, de la méme facgon 
que celle de l’Homalopsis (1951). Les animaux lévent d’abord le tiers 
d’avant du corps, retirent la téte un instant et puis semblent la projeter 
en avant avec quelque force de sorte que le reste du corps semble 
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entrainé plus ou moins en ligne droite. Il est parfois difficile de voir 
quelle partie du corps reste en contact avec le sol. 

Dans la série quelques animaux avaient des restes de proie dans 
Pestomac, une femelle longue de 482 mm (museau-cloaque) et une 
autre de 771 mm, un male de 557 mm avait des restes dans Poesophage. 

Une femelle de 505 mm a été injectée avec la fuchsine acide a 1 °/99 
dans l’eau salée; aprés découpage les deux tiers craniaux de l’estomac 
étaient jaunes, le tiers caudal rouge. Les essais de nutritions n’avaient 
que peu de succés: des animaux qui recurent de la purée de poisson il 
n’y a que quelques uns qui ont vécu plus de deux jours aprés l’alimen- 
tation forcée. Inutile de dire que cette alimentation a été faite avec 
patience et prudemment, de facon a ne pas injurier les muqueuses. 

Une femelle de 624 mm a été injectée au venin de cobra et fut 
trouvée morte le lendemain; un male de 438 mm a été mordu par une 
Lapemis hardwickei et se trouva 24 heures aprés en parfaite condition. 

Comme pathologie nous avons trouvé un cas (un male de 554 mm) 
ou la paroi de l’estomac était soudée a la paroi ventrale formant un 
canal qui aboutissait sous la peau a une petite tumeur inflammatoire. 

Les données sur analysis des sels du plasma sanguin ont été perdues 
par suite de l’occupation japonaise. 


TABLE I 
Mesures maxima 


Sexe inconnu Males Femelles 
corps queue total corps queue total corps queue total 


DE Rooy 1916 ~=800 180 980 


TAYLOR 1921 Sli5m lho gO", 960 170 1130 

SMITH 1943 770 115 885 1000 ~=6.: 180_-—sa1180 

BERGMAN 695 180 875 820 169 989 
CROISSANCE 


Quant aux nouveau-nés nous avons les données de WERNER dans 
Breum qui les dit de 15 a 17 cm de long, et SmirH (1943) qui donne 
175 a 200 mm. Nos plus petits spécimens, une femelle de 291 mm et un 
male de 330 mm ne portaient déja plus la cicatrice ombilicale, tous 
deux furent pris en aotit. 

La répartition des longueurs des animaux pris dans les différents 
mois des années 1932 a 1941 est cependant irréguliére (fig. 1). Tout 
@abord il nous manque les nouveau-nés, qui se trouvent parfaitement 
bien dans d’autres séries de nos serpents. Ensuite il y a un vide prati- 
quement de septembre a janvier sans que cela puisse s’expliquer (comme 
celui de novembre) par l’interruption du travail au laboratoire. I] me 
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semble aussi que dans les séries rangées par mois il y a un certain 
groupement, mais malheureusement les données sont trop incompletes 
pour en permettre l’emploi pour une analyse du phénoméne de la 
croissance. 


FERTILITE 


En ce qui concerne |’évolution embryonnaire nous avons les données 
suivantes: les ceufs se trouvent d’abord dans les ovaires comme des 
rangées réguliéres de petits points blanc-jaune, gros comme une téte 
d’épingle. Ensuite ils grossissent et forment de petites sphéres réguliéres 
jusqu’a 3 mm de diamétre. Dés lors la croissance se fait surtout dans le 
sens de la longueur, les ceufs deviennent ovaux, ce qui se voit trés 
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Fig. 1. La répartition des Cerberus rhynchops males, placés par ordre de la longueur du 
corps dans les différents mois de année. 
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facilement dés que le diamétre long atteint 5 ou 6 mm. Les ceufs sont 
transférés de lovaire dans le tube utérin quand ils ont environ 20 mm 
de long. A ce moment on n’y voit pas encore a l’ceil nu des embryons: 
leur futur développement se fait dans l’utérus. 

Dans notre série la plus courte femelle portant des ceufs de 6 mm 
mesure 572 mm. Dans la courbe de Galton (fig. 2) nous trouvons le 
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Fig. 2. Les animaux placés par ordre de la longueur du corps. 


premier coude un peu au dela de 500 mm ce qui est une longueur 
notablement inférieure. 

Nous trouvons noté que dans une femelle de 672 mm de long, prise 
en avril, les ceufs qui se trouvaient dans l’utérus étaient jeunes et il y 
avait des corps jaunes dans les ovaires. Dans une femelle de 653 mm, 
lintestin se trouvait en position ventrale de l’utérus qui contenait les 
ceufs. 

D’autre part nous trouvons des ceufs dans l’utérus de femelles cap- 
turées en mars, avril, mai, juillet et octobre, ce qui est en somme la plus 
grande partie de année. Comme par suite de la guerre le matériel a 
disparu, il n’est plus possible d’examiner s’il y avait une croissance 
marquce des embryons pendant ces mois ni de vérifier ’hypothése d’une 
ovulation réguliére en mars—avril, avec la jetée vers la fin de l’année. 

Le nombre d’ceufs est noté dans la table II: 
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TABLE II 
Longueur Oecufs a Total 
du corps droite gauche 
573 8 15 
653 9 = 9 
672 9 5 14 
678 10 6 16 
681 9 8 17 
ie 14 9 23 
820 24 Il 30 


Ce qui indique trés probablement que le nombre d’ceufs augmente 
avec lage. 


DONNEES TOPOGRAPHIQUES 


En prenant, dans le cas présent un peu arbitrairement, tous les animaux 
au dela du premier coude de la courbe galtonienne comme adultes, 
nous trouvons une longueur du corps plus courte chez les males: 567,2 
mm que chez les femelles: 610,4 mm. Ici D/oD = 4,0 indiquant une 
différence nettement significative. Nous voyons d’ailleurs que les 
courbes galtoniennes pour les deux sexes donnent une illustration de 
ce fait: les lignes pour la période adulte sont a peu prés paralleles, celle 
pour les males se trouve en dessous de celle des femelles. 

Pour la queue nous voyons aussi une différence sexuelle significative 
D/cD =6,4. Seulement la direction de cette différence est de sens 
inverse a celle de la différence entre les longueurs du corps: les males 
au corps plus court ont la queue plus longue. 

La différence de longueur du corps entre les deux sexes entraine une 
pareille différence pour chacune des données topographiques en valeur 
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Fig. 3. Les données topographiques de Cerberus rhynchops en promille de la longueur 
du corps. 
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absolue. Pour effectuer une comparaison utile, il faut recourir a la 
projection de ces données en °/y) de la longueur du corps (fig. 3 et table 
III). On voit alors que chez les males la queue mesure 252°/o) du 
corps, chez la femelle 206 °/ 9. 

Toutes les mesures concernant les organes de la moitié craniale du 
corps ont des valeurs plus élevées chez les males (table IV et V), ce qui 
signifie que ces organes ne s’étendent chez les femelles que jusqu’a 
640°/ 5) du corps et chez les males jusqu’a 671/99. Au contraire les 
reins se trouvent chez les deux sexes a la méme place. La différence 


TABLE III 


Topographie des organes en °/,, de la longueur du corps. 


Males Femelles 
jeunes adultes jeunes adultes 
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Ino Geibelhe Go oo oh oe 8 6 no ORO. Baw 620 590 
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lamayicaud--_ een mi ee Rehr. = ee OO enon 670 640 
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entre les distances des organes craniaux aux reins n’est pas trés grande, 
mais il est facile de voir qu’elle va de pair avec le développement des 
gonades qui nécessite un espace plus considérable chez la femelle que 
chez le male. 

De méme pour les longueurs des organes les valeurs absolues sont 
moins importantes que les dimensions relatives: et dans ces derniéres 
nous trouvons une concordance compléte chez les deux sexes, sauf 
évidemment pour les gonades et pour les reins (table VI); les testicules 
sont comme de régle beaucoup plus courts que les ovaires. En outre il 
semble que les reins soient plus courts chez les femelles: 67 et 642/99 
tandis que chez les malesils comptent 78 et 74.°/y9 dela longueur du corps. 

Au point de vue de la symmétrie bilatérale, les gonades et les reins 
sont chez le male de méme dimension a droite et a gauche: D/oD =1,7 
et 1,5. Chez les femelles les reins des deux cétés ne différent pas beau- 
coup: D/eD =1,8 mais l’ovaire droit est beaucoup plus long que celui 
de gauche: D/oD =9,4. 


TABLE IV 


Topographie, males adultes. 


N R M+om o +00 v+o0v om? 
Longueur de 
Goines 5 4 6 6 1K 452-695 567,22 + 7,8 63,0 +5,5 11,1 +1,0 61,0 
Oneug eee ie OS 112-180 §=6142,8 + 2,1 165 +1,5 11,6+ 1,0 4,2 
Sommet de 
(Ceatie 5 o 5 oO Sy 142-211 175,4+2,4 18,1 +1,7 10,4+1,0 5,8 
LEO ELS ne ge aaeee Rae gO, Oya SE GO) We) te at KO SE tifa) = @ 
WEG ols a ay 6° Gy 296-457 360,2+5,5 41,0+ 3,8 11,1 41,0 29,7 
IPANGhEASw. oy #57 297-459 362.3 +5,3 40,2 +3,8 11,1 +1,0 28,4 
RBS 5 goa oF 300-457 303,2 + 5,3 40,0 + 3,7 11,0+ 1,0 28,1 
Wiests Gis os yc 4577 343-518 415,7 + 6,0 45,2+ 4,2 10,8+1,0 36,0 
“WG SE re ec) Se 362-543 442,9+6,2 4664+ 4,3 10,44 1,0 38,2 
IRxerna hes 2 ey yy 367-563 467,0+ 6,9 51.9 +4,9 I1,1 41,0 47.4 
Re ian Come a5 7) 383-591 488,14 7,2 54,64+5,1 11,2+1,0 52,6 
Fin de 
Coen «658157 ICG YO) ONO Se Py) AO) Se EO) MON SE Me) 7h 
OLGA mtn we 87 287-440  352,8 + 5,0 37,8 a 3,5 10,7 + 1,0 25,1 
WS loll 5 4 oe Say 303-470 | 381,34 6,1 46,2 + 4,3) 12,1 + 1,0 37,6 
Paetoas 5 5 Gy 308-475 3750+ 5,5 41,6+ 3,8 11,1 41,0 30,5 
Reattem iim ts 7 305-463 367,9 + 5,3 40,8 + 3,8 11,1 41,0 28.1 
pestrcirteeweme 25/7 358-545 436,64 6,4 48,644,5 11,1 +1,0 41,1 
Dest. aah <-- aay 257 372-568  463,3 + 6,9 52,1 44,9 1,1 + 1,1 47,7 
Rein dienes. en 45/7) 404-621 513,1 + 7,3 55,6 + 5,2 10,8 + 1,0 53,6 
Reino Here 5/7 413-645 528,8 + 8,1 61,54+5,8 11,641,1 66,5 


120 R. A. M. BERGMAN 


VARIABILITE 


Pour les données topographiques les coefficients de variation vont de 
10,3 4 11,6 chez les males et de 10,7 4 12,1 chez les femelles. 

Pour les longueurs des organes il y a un rangée de 13,2 a 25,2 chez 
les males et de 11,5 4 22,7 chez les femelles si on ne compte pas les 
ovaires. Pour ces derniers la variabilité a droite semble moins grande 
qu’a gauche, mais D/cD =1,8 trop petit pour étre significatif. Peut- 
étre y a-t-il dans les valeurs de ces coefficients un certain groupement: 
coeur et foie 14,8 et 13,2 chez les males, 16,5 et 11,5 chez les femelles; 
pancréas et reins a droite et 4 gauche 17,1 — 18,7 — 18,4 chez les males, 
et 15,1 - 21,2 — 17,8 chez les femelles. Enfin les petits organes: vésicule 
biliaire et la rate et les gonades 23,0 — 24,0 — 25,2 — 23,9 chez les males 
et 22,7 — 24,6 — 28,5 — 34,6 chez les femelles. 


INTERVALLES 


Les intervalles (tables VII et VIII) entre les organes offrent certaines 
particularités: pour la distance du foie a la vésicule biliaire, la varia- 


TABLE V 


Topographie, femelles adultes. 


N R M+om o +00 o tov om* 
Longueur de 
(COTES = 4a 8 Oy 461-820 610;4 -— 7,3 72,2 4:5,2 11,8 0,8 53,6 
Oucie se On 97-169 §=6126,9 + 1,4 13,7 +1,0 10,8+0,8 2,0 
Sommet de 
@osur ee Od. 1377230 © 170, ==12,2) 10,392 1,5 1,0) 0,0 eae 
HOICg = me On T7302) 207,362.25 tel, Oat tee O.0) Osby 
WES oI. 2 Sv 278-463 375,8+4,5 41,0 + 3,2 10,9 + 0,8 20,0 
Pancréas .. 84 273-455 368,04 4,4 40,7 + 3,1 1154 +0,9 .19,7 
Rate... . 84 275-458 370,84 4,4 40,7 43,1 11,040,8 19,7 
Ovaire dr.. . 84 305-501 407,38 +4,9 45,2 43,5 I1,140,9 24,9 
Ovaire Pe es ee (OF 348-585 460.9 + 4,5 49,2 + 3,8 10,7 +0,8 28,8 
Rein Grea a Od. 373-641 502,64 6,4 5894+ 4,5 11,7+0,9 41,3 
Nein) a2 ae OA. 394-690 529,3+6,9 63,44 4,9 11,9+0,9 47,8 
Fin de 
Coeur FB ee a or 153-269, 200.3 4+ 2,5 23,1 +1,8 11,5+0,9 6,5 
Foie A nak 84 280-467 360,24 4,3 38,8 +3,0 108+ 0,8 18)1 
Ves. bil. ont a. tay 286-485  390,5 + 4,7 42,6 + 3,3 10,9 +0,8 21,6 
Pancréas . . 84 285-473 383,0 + 4,7 42,9 + 3,3. 11,2 40,9 22,9 
Rate sg Od 280-465 3760+ 4,4 40,7 + 3,1 10,8+0,8 19,7 
Ovaire Gla. 5 (4 336-585 4580+ 5,7 52544,0 11,540,9 32,8 
Ovaire [Se seh wich 366-628 §=491,2 + 6,2 565444 11,54+0,9 38,2 
Reindr.. . . 84 402-707 544,2 47,2 65,7 45,1 12,1 40,9 51,5 
Reing. . . . 84 420-753 567,9 + 7,5 69,0 + 5,3 


12,1 + 0,9 56,7 
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bilité est beaucoup plus grande chez les males, V =55 que chez les 
femelles ok V =10,5. Pour toutes les autres distances les deux sexes 
présentent des valeurs proches l’une de l’autre. En général la variabi- 
lité de ces mesures n’est pas trés grande chez Cerberus rhynchops. 


CORRELATIONS 


La corrélation (table IX) entre la longueur du corps et le poids est plus 
haute chez les males que chez les femelles: le facteur z montre dans ces 
deux cas une différence de 1,60 a 1,06 et D/oD =3,5. Dans la fig. 4 la 
différence n’est pas claire. 

Pour la longueur du corps et celle de la queue la corrélation est 


TABLE VI 


Longueurs des organes. 


MALES 

N R M+om Oo +00 V tov om 
Corps. .... . . 65 452-695 567,2 + 7,8 63,0 +5,5 11,1 +1,0 61,0 
@ucues 4 4 29s 5 = 65. Wd2=180) T4o GI Ome 16.5 ceo, © L1,0N oe ONES 
@ocure Go went a5) atte 20 HO ae Oy BO ae Gye} ilo} SE Mp4, OG) 
HOKE 5 b og co 6 8 6 Sy MOVERNG GPR GEO Tye ide WG Sei aii 
Werth 5 6 a 6 a 6 Ry 8-20 12,6 +0,4 2,9 + 0,3 23,0 + 2,2 0,14 
PENGUIN Ga 6 0 aay 8-18 13,6 +0,3 2,5 +0,2 18,4 +1,7 0,10 
IRAE Gf 1g 5 em Gee Shy 3-8 5,0 +0,2 1,2 +0,1 24,0 +2,4 0,03 
hes tierce erence terme 7) 8-32 22.2 +0,7 5,0+0,5 25,2 +2,4 0,55 
sECStIG ai Gem nit ett 7 6-32 20,5 +0,6 4,9 +0,5 23,9 + 2,2 0,40 
Those, CWS co 6 | SOE IS) SE OE SE OHO) BHO Se Be 1,83 
ieTAGKA 5 5 5 6 6 8 RP) 6 POSGS «=~ ZO SE ON EEO HL SE KD OCs 
PES sa coinage AU Orel ilOiy 6'7, Olia > 7g Lng OM Or] 
Rein diac: . 4.4 . 57 - 40-210. (90,2 2F 2.0 15 302 1,4 17,017 0 

FEMELLES 

Gorps os 8. 2807) 40% 020 0104 7,9" 7252 22 5,2 “11,01 10,009 53.6 
@yenca sie. 205. Gy-100) 126,05 1,4. 19,7 as 1,0 “10/0 ao Gr o%0 
(COGUIE a 5 bo 6 a 5 CHL Tile 224404 3,7 + 0,3 16,5 + 1,3 0,16 
Po 5 5 bo 6 5 6 ROARS, TYRO ae ioe? UGC) Se Wg) Ni ca OHO,  gyor 
NWestubile eae cteey e OF 8-25 nn SEO) BO) SE GP? WEL SE sigs) | Oy We 
PRINOHBIS 5 5 5 5 6 0 teMh iieO a JE OS BO ae Os UG ae ule 0,06 
Rates Geen el ote. S04. 3-10 aoe =rOstl ay 0159 ses Os Dunn 24), Olek, OQ) O.02 
Ovairesidy, =» 2. . 084. 922-84 40,12 1,5 14,0 41,1 -28)5iS2 252.) 2538 
Ovairesiose., Wee 5840 9 14-61 31,0 + 1,2 10,7 +0,8 34,6 + 2,7 1,36 
Ovaires driaa.es) . S849 99=1997" 481,4 Ge 054.9 9954 4 1,7 27,552 251 5395 
Rem dree a) 6. eeb4s 126-69"), 940,09 <2 0,9)" 8771 30,7 | 22152 4. 1,0" 0,91 
Reus gat Gennes -omeO4 0 20-63 8 98,7 42 0,796.9 14)0,59 “17,8 =2°1,4- 10,50 
Rein dr.-g. ... . 84% 55-129 80,541,6 149+1,1 18,5 41,4 2,64 
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haute dans les deux sexes et pour la facteur z D/oD =2,3 la fig. 5 


montre une différence de niveau. 


TABLE VII 


Males. Intervalles. 


N R M+om o +00 VEO, om? 
Museau-coeur . . . 57 142-211 175.4 +2,4 18,1 +1,7 104+1,0 5,8 
Coeur-foie. ....57 14-38 24,3 £0,7 54 0,5 22,2 + 2,1 0,51 
Foie—vés, bil.. . . . 57 -1+47 16,2 4-°1,2, 0,0) =-.0,9) 955,512 550 1,43 
A. ss: 3 6 2 3 4 57> 173-280 205,09 42 359 24,0 se 2.3 eye Le EOLOO 
Pancréas—gonade dr.. 57 21-57 38,7 +1,1 8,4 +0,8 21,7 + 2,1 1,20 
Gonade dr.—rein dr.. 57 13-50 29,3 £1,3 94+0,9 32,1 + 3,0 1,56 
Rein dr.-cloaque . .-57 47-84 62,0+1,2 8,7+0,8 14,0 + 1,3 1,30 
Boo. 3 ees ss 57 «6LOI—168) 139054 =e 9 16,3 21,5 2. 152) A605 
Pancréas-gonade g . 57 48-95 66,1 +1,6 11,84 1,1 17,.9+ 1,7 2,46 
Gonade g-reing ..57 10-43 25,0 +1,1 84+0,7 33,6 + 3,1 1,25 
Rein g.—cloaque. . . 57. 30-63 44,00+0,9 68+0,6 155 +1,5 0,81 
Cin a we) ss BF) WOO-1970N13453-=E 2.4 7,9 9,8 893 ey oe 
A+B. ..... . 57 284-434 346.3 + 4,8 36,6+ 3,6 10,6 +1,0 23,30 
A+C. ..... . 57 286-438 350.4 +5,1 38,2 + 3,7 10,9 +1,0 26,40 
Pancréas—rein dr. . . 57 61-130 90,6+2,2 16,8+1,6 185+41,7 4,96 
Pancréas—reing. . .57 67-161 111,7 + 2,7 20,3 +2,0 182 +1,7 7,25 

TABLE VIII 
Femelles. Intervalles. 

N R M+tom Oo +00 V +ov om 
Museau-coeur. . . . 84 137-238 179,5+2,2 19,8 +1,5 11,0+0,8 (4,7 
Coeur-foie. . .. . 84 10-33 22,3 40,7 0,1 4 6,5,0927,5 G2, Oa 
Fore-vés. bil.. . . . 84 -21-+48 "419,84 1,5 13,5 41,0 10,5 £08 218 
BS me og 6 Sosy 84. 159-289. 214.7 ce 3598.2 42.2 19.1 -F 7.0 Yoas 
Pancréas—ov. dr. . . 84 1-56 24,34 1,0. 9,0 4:.0,7 36,3 + 2,8 . o.68 
Ov. dr.-reindr. . . 84 15-79 43,9 41,6 14,64 1,1 33,3 4+2,6 2,52 
Rein dr.—cloaque . . 84 47-113 70,7 + 1,2 11,1 40,9 15,7 + 1,2 1,47 
By ie 6 © oye Bde 84-991 137.0 2,6 ee Ore a.e? iefone te 6,65 
Pancréas—ov. G0 + 984 46-192, 74,75 1,6, 1457 ets) 10,6 154257 
Ov. Me 5G 5 tpl 4-85 37.3414 12,64 1,0 33,9 +2,6 1,89 
Rein g.-cloaque . . 84 34-83 ii 150% .8,9 + .0,7 18,945 155,450,606 
CG... 2. ee es 84 114-259 158,342,9 262 +20 16,5 + TS EOLZO) 
APB. 2. oo. » 84 247-471 354,2 + 4,8 43,5 + 3,4 12,3. 0.0) 922,60 
A+C. + ee + » 84 277-509 374,2 45,1 46,8436 12,64 1,0 26,10 
Pancréas—ov. dr. . . 84 68-200 118,2 + 3,1 28,342,2 23,9 + 1,8 9354. 
Pancréas—ov. g.. . . 84 92-237 143,3 + 3,3 30,0 + 2,3 20,9 + 1,6 10,70 
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Pour la longueur du corps et celle des gonades il n’y a pas de diffe- 
rence de corrélation entre les sexes; pour le rapport entre la longueur 
du corps et celle des reins la différence entre les coefficients de corré- 
lation z des deux sexes est petite et comme D/cD =0,9 elle doit étre 
considerée comme insignifiante. Comme pour les deux relations 
précédentes les diagrammes illustrent les différences de niveau. 


POUMONS 


L’ouverture du poumon accessoire était difficile a localiser, et la mesure 
n’a été prise que dans quelques cas. Le sommet du poumon et I|’extré- 
mité postérieure du sac pulmonaire sont faciles a définir avec exacti- 
tude, la transition des trabécules 4 la paroi lisse du sac est plutét une 
zone de démarcation qu’une ligne et se laisse évaluer plutét que mesurer 
avec certitude. 

Les valeurs absolues dépendent de la longueur du corps et montrent 
une différence sexuelle, mais exprimées en °/y) de la longueur du corps 
les valeurs sont pratiquement identiques pour les deux sexes. Le som- 
met chez les males a 133 °/9, chez les femelles a 132°/ 9 de la longueur 
du corps, la fin a 587°/ ) chez les males et 570°/) chez les femelles, la 
zone trabéculaire a 328 °/,) chez les males et a 316°/o) chez les femelles. 


TABLE IX 


Males. Corrélations. 


N R M-+o0m 0 +00 V tov r YA 
Corps 67 330-695 5544 + 9,9 81,4 + 7,0 14,7 + 1,3 .922 1,60 + 0,12 
Poids 67 24-228 135,8 a 6,4 52,1 = 4,5 38,4 ae 2) 
Corps 77 212-695 539.4 + 10,5 92,0 + 7,4 17,1 £ 1,4 .940 1,74 + 0,12 
Queue 77 61-180 136,7 + 2,7 23,6 + 1,9 17,3 + L4 
Corps 66 330-695 550,7 + 10,2 82,9 + 7,2 15,0 + 1,3 .730 0,93 + 0,12 
Gonades 66 8-64 38,5 + 1,7 13,7 + 1,2 35,8 + 3,1 
Corps 66 330-695 550,5 + 10,2 82,9 + 7,2 15,0+ 1,3 .865 1,30 + 0,12 
Reins 66 13-126 82,0+ 2,2 18,3 + 1,6 22,3 + 1,9 
FEMELLES 
Corps 98 291-820 600,6 + 8,8 87,4 + 6,3 14,5 + 1,0 .790 1,06 + 0,10 
Poids 98 18-503 160,6+ 8,4 83,0 + 5,9 51,5 + 357 
Corps 107 291-820 589,0 + 9,9 100,2 + 7,0 17,3 £ 1,2 .882 1,38 + 0,10 
Queue 107 40-169 122,5-+ 2,0 20,4 +1,4 16,6 + 1,1 
Corps 88 291-820 601,44 + 9,3 87,1 + 6,6 14,5 + 1,1 .730 0,93 + 0,II 
Ovaires 88 22-137 76,5 + 2,6 24,0 + 1,8 31,4 + 2.4 
Corps 89 291-820 601,4 + 9,3 87,1 + 6,5 14,5 + 1,1 .825 1,15 40,11 
Reins 89 38-129 78,4 + 1,7 16,3 + 1,2 20,8 + 1,6 


124 R. A. M. BERGMAN 


Poids. 
oids. g x 
CERBERUS RHYNCHOPS + 

Males fe) 

400 Femelles + 
300 
200 
100 

e) 

40 
300 400 500 600 700 Longueur du corps, m.m, 


Fig. 4. La corrélation entre la longueur du corps et le poids chez Cerberus rhynchops. 


Longueur de la queue, m.m. 
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Fig. 5. La corrélation entre la longueur du corps et celle de la queue chez Cerberus 
rhynchops. 
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Longueur des gonades, m.m. 
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Fig. 6. La corrélation entre la longueur du corps et celle des gonades chez Cerberus 
rhynchops. 
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Fig. 7. La corrélation entre la longueur du corps et celle des reins chez Cerberus 
rhynchops. 
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TABLE X 


La topographie des poumons. 


Ives Sopomvenken g a 5 6 iy 60-97 76,4 +1,1 8,0 +0,8 10,5 + 1,0 
Femelles sommet. . . 75 60-107 80,6 22 1,2) List == 0,0) 3s jue ed 
INMAlesitrabecs = emnn en) 149-300 187,1 + 3,8 28,4 4+2,7 15,2 + 1,4 
iHemrelles tralbec-mane-men © 140-335 191,6+ 3,8 32,1 +2,7 16,8 + 1,4 
IMEvtes fi se) see ent 7 279-419 341,7+4,9 37,0 + 3,5 10,8 + 1,0 
Hemellestiinn meee 265-454 349,74 4,1 37:54 42,9 10,7 + 0,8 


Comme on le voit dans la table des valeurs absolues la variabilité de la 
mesure des zones trabéculaires semble plus haute que pour celles du 
sommet ou de l’extrémité. Pour les males D/oD =2,5 pour les femelles 
D/cD =3,8, ce dernier chiffre étant significatif. La raison en est sans 
doute bien plus qu’une raison d’ordre biologique, la difficulté de la 


prise de mesure. 
Amsterdam, aott 1954 
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L’ANATOMIE DE ENHYDRINA SCHISTOSA D 


par 
R. A. M. BERGMAN 


(Royal Institut des Régions Tropicales, Amsterdam) 


MATERIEL ET METHODE 


L’Enhydrina schistosa est un des serpents marins qui figure dans la collec- 
tion que nous avons récoltée de 1936 a 1942 a Surabaia, a la cote 
Nord-Est de Pile de Java. C’est aussi un des serpents dont la morsure 
occasionne la mort du blessé. Pareil cas a été publié par BoKMaA (1941) 
en 1942 nous avons publié sur ce serpent une petite note, qu’il est pos- 
sible de compléter maintenant. : 

D’aprés SmiTH (1926) ce serpent de mer est assez fréquent: ‘‘a com- 
mon species’. 

D’aprés WALL (1921) c’est le serpent de mer le plus répandu sur les 
cotes de la péninsule indienne: il raconte qu’en un seul matin on lui en 
apporta a Cannanore dix pour chaque exemplaire d’une autre sorte; 
a Madras il y eut 60 Enhydrinas sur une collection de 192 serpents de 
mer. Au contraire a Colombo ils sont rares, et il n’y a que peu de notes 
sur apparition de ce serpent dans l’archipel malais. 

Cependant nous n’en avons eu qu’une bonne centaine sur un total 
d’environ 2500 serpents marins. Nous avons demandé plusieurs fois a 
notre pécheur de nous apporter plus d’exemplaires de cette espéce, 
sans avoir eu du succes, alors qu’il nous offrait les Lapemis, les Thalas- 
sophis, et les Hydrophis fasciatus en beaucoup plus grand nombre qu’il ne 
nous était possible d’examiner. De plus /’Enhydrina ne se trouvait 
jamais qu’en exemplaires isolés: un ou deux a la fois. 

Ils se laissent reconnaitre facilement, ce sont de grands serpents 
robustes et aplatis ayant la dimension ventrodorsale plus grande que la 
transversale. La couleur est d’un brun jaunatre, foncé sur le dos, clair 
sur le ventre. Parfois il y a des triangles plus ou moins marqués sur les 
cotés. La téte est assez remarquable, aplatie et un peu en museau; la 
machoire inférieure est trés mobile et s’ouvre largement. 

Les animaux arrivaient vivants au laboratoire et furent déposés dans 
un aquarium a l’eau salée a 2,7 °%, environ comme l’eau de mer. Au 
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fur et A mesure ils étaient tués par une piqtire dans le trou occipital, 
pesés et fixés par transfusion par l’aorte, d’abord avec de l’eau salée a 
1,1°%, pendant une vingtaine de secondes, jusqu’a l’expulsion de la 
plus grande partie du sang et ensuite avec le liquide de Bouin pendant 
une heure. Ensuite ils étaient déposés dans un bassin contenant du 
formol 4 10°%. Aprés quelques jours ils étaient ouverts et la position 
des organes était mesurée (BERGMAN 1949). 

Notre matériel comprend 48 femelles et 51 males. Les chiffres dif- 
férent un peu de notre communication précédente en partie par des 
acquisitions ultérieures, mais encore parce qu’une partie des données 
fut perdue a la suite de occupation Japonaise; cependant dans le cas 
de /’Enhydrina \a perte n’est pas grande. 


PATHOLOGIE, POLSON 


Dans notre série il y a quelques notes sur la pathologie: a un serpent 
male de 679 mm de long (du museau a la cloaque) l’ceil droit man- 
quait, une femelle un peu plus longue, 783 mm, portait une tumeur a 
la machoire supérieure, une autre femelle de 724 mm, avait un ulcére 
sur la paroi extérieure du corps, dans cet animal la vésicule biliaire se 
trouve notée comme ‘‘Pale’”’. Dans un male de 672 mm le méme organe 
est décrit comme portant deux tumeurs, ensemble de 14 mm de long. 
Une femelle de 716 mm avait les restes d’une proie dans l’estomac et 
une aréte de poisson avait transpercé la paroi de |’estomac en sortant 
par la peau du ventre, sans quil y ait, du moins a vue d’ceil, des symp- 
tomes quelque peu marqués d’inflammation. Enfin il y avait un cas 
d’amaigrissement marqué dans un male de 643 mm et trois cas de 
défauts de développement, une fois dans une femelle de 793 mm, ot le 
rein gauche manquait, de méme que l’utérus droit; l’utérus 4 gauche 
étant trés mince, et deux fois dans deux femelles de 734 mm et de 850 
mm le poumon ne montrait pas l’interruption derriére le coeur qui se 
trouve d’ordinaire chez ces animaux. 

Plusieurs de ces cas auraient sans doute mérité une étude microsco- 
pique plus détaillée, mais comme par suite de l’occupation tout le 
matériel fixé est perdu, cela est malheureusement impossible. 

Un des serpents, une femelle de 843 mm, a mordu un autre de 583 
mm; Punique effet visible était un ralentissement marqué du mouve- 
ment de ce dernier. Dans le cas publié par Boma (1941) un serpent de 
33 cm de long a mordu un homme qui en est mort. Cet auteur remar- 
que que l’on sait peu de chose sur ce poison. Ceci n’est pas étonnant: on 
n’obtient pas trés fréquemment ce serpent 4 Java et il est beaucoup 
plus difficile d’en tirer le venin que d’obtenir celui du cobra ou de la 
vipére. Quand on introduit un verre de montre dans le bec de /’En- 
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hydrina, celle-ci ouvre le bec aussi largement que possible au lieu de 
mordre et la quantité de mucus dans la bouche est trop grande pour 
permettre de récolter le venin plus ou moins pur. 

La maniére que nous employions pour obtenir ce poison est de tenir 
le serpent par la téte, le dos en bas et le bec ouvert dans la main gauche. 
Avec la main droite on peut faire un massage de la téte ou de la ma- 
choire supérieure. Parfois on arrive de cette fagon a vider la glande 
vénimeuse et on voit alors le poison sortir de la dent en une goutte 
claire et couler le long de celle-ci dans la gouttiére formée par la muqu- 
euse buccale. Un assistant se tenant prét avec une seringue a fine aiguille 
peut aspirer le venin de cette gouttiére. En somme c’est une méthode 
plutét lonque et incertaine, mais je n’en connais pas de meilleure. WALL 
(1921) donne certaines indications au sujet de la toxicité, qui serait dix 
fois plus grande que celle du venin du cobra. 


MESURES 


Les mesures maxima que j’ai trouvées dans la litérature et celles de 
notre série de Surabaia se trouvent dans la table ci-dessous: 


Males Femelles Sexe inconnu 
corps queue total corps queue total corps queue total 
De Rooy (1916) LORS Ons 00 
Watt (1921) 1398 1310 
SmitH (1943) 1200 200 1400 
BERGMAN 867 141 1008 OS Cielo Gum OTe: 


Les mesures de serpents nouveau-nés sont d’aprés WALL (1921) 254 a 
279 mm. Les plus petits animaux de Surabaia avaient une longueur 
totale de 378 mm pour les femelles et 453 mm pour les males. 


SEXES, FERTILITE 


La proportion des sexes est dans notre groupe 1 : 1 (48 : 51) quoique 
WALL (1921) suppose a Ceylon une proportion de 1 : 2 (5 males et 
8 femelles, 7 embryons males, 12 femelles). 

Dans la série de WALL (1921) la plus courte femelle enceinte mesu- 
rait 965 mm en tout. D’aprés cet auteur la croissance serait marquee 
par les dates suivantes: naissance 254-280 mm, fin de la premiere 
année 500-600 mm, fin de la deuxiéme année 760 mm (“from very 
meagre figures”) maturité 965 mm, maximum 1300 mm. La naissance 
se trouve en février, mars, avril et mai; il y a de grands ceufs en novem- 
bre et décembre; un jeune serpent de 317 mm fut pris en juin. 
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Dans notre série la plus courte femelle ow les ceufs commengaient a 
grandir mesurait 624 mm (corps et téte), la plus courte femelle enceinte 
mesurait 685 mm. Les plus petites spécimens sont pris en décembre et 
février, les grands ceufs se montrent dans l’ovaire en juin et juillet, les 
ceufs contenants des embryons se trouvent dans lutérus en aott et 


Mois Des oeufs de plus de 20 mm dans l’ovaire Mois Embryons dans l’utérus 


VII 800 6 2 8 I 685 3 ey 5 
VIII 806 4 3 7 I 755 2 3 5 
VII 835 4 3 NT 762 a 7 7 
VII 839 6 3 Cy WA 887 5 4 9 
VI 843 2 3 sy WA 938 ae 5) ¢ 
Vill 852 3 3 6 — — — — — 
VI 903 7 — 7 _ — — 


septembre, ce qui fait supposer que pour la région autour de Surabaia 
le commencement du développement des ceufs se trouve en avril, 
Povulation en juillet et la naissance a la fin de l’année en novembre. 
Une femelle de 511 mm (corps et téte) porte encore dans notre liste la 
mention “‘juvénile’’, les dates sur les femelles portant les embryons 
dans l’utérus et de grands ceufs dans l’ovaire se trouvent dans la table 
ci-dessus. 
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Fig. 1. Les serpents Enhydrina schistosa placés par ordre de la longueur du corps. 
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Le nombre de grands ceufs dans l’ovaire et celui des embryons par 
animal correspondent exactement: il y a de 5 4 9 ceufs par animal, en 
moyenne 7 ceufs. 

En placgant nos animaux dans l’ordre de grandeur (fig. 1) nous 
trouvons l’inflexion de la courbe de Galton entre 640 mm et 700 mm et 
peu au dela les lignes pour les deux sexes vont s’écarter l’une de l’autre. 
En considérant en outre les données del’examen des femelle senceintes, 
nous croyons pouvoir accepter une longueur de 650 mm téte et corps, 
comme longueur minimum pour I’adulte. 


Longueur du corps, m.m. 
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Fig. 2. Les serpents Enhydrina schistosa placés par ordre dé la longueur du corps dans 
les mois ot ils ont été captures. 
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CROISSANCE 


Si nous groupons nos animaux dans un tableau indiquant la taille de 
Vanimal et le mois de sa capture (fig. 2), il est évident que les plus 
petits animaux sont pris en décembre et février, ensuite qu’aux mois de 
février, mars, avril et mai, il y a un hiatus dans la succession des 
différentes longueurs, qui en fait deux groupes séparés, ce qui est bien 
moins clair dans les mois suivants. On peut bien en conclure qwily a 
un groupe de nouveau-nés en décembre qui atteint la longueur 
minima du groupe adulte aprés une année. Les deux sexes offrent a 

cet égard la méme répartition. 


CORRELATIONS 


En examinant notre série en tenant compte des reflexions enoncées ci 
dessus, nos 48 femelles comprennent 34 adultes et 14 jeunes animaux et | 
nos 51 males comprennent 36 adultes et 15 jeunes animaux. Entre la 
longueur du corps et de la queue (fig. 3) il y a pour les groupes entiers 
une corrélation marquée: pour les males r =0,935 ou Z =1,70+0,143 
pour les femelles r =0,940 et z =1,740,15 (table I). 

Pour la longueur du corps et le poids (fig. 4) ces valeurs sont pour 


Longueur des reins, m.m 
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Fig. 3. La corrélation entre la longueur du corps et celle de la queue des Enhydrina 
schistosa. 
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les males r =0,920 et z =1,59-4+0,15. La différence n’est pas négli- 
geable: Dz/oDz =2,7. 

Pour la longueur du corps et la longueur totale des glandes génitales 
(fig. 5) les corrélations sont du méme ordre pour les deux sexes: pour 
les males + =0,800 et z =1,08+0,14; pour les femelles + ==O;O A0ReL 
Z =1,20+0,16. 

Entre les longueurs du corps et des deux reins 7 est pour les femelles 
(fig. 6) 0,970 et z =2,09+ 0,15 et pour les males 7 =0,890 et 
£=1,42 +0,14 ce qui indique une difference réelle: Dz/oDz =3,3. 

Quant aux données métriques elles-mémes (tables II et III) la 
longueur du corps mesurée du museau a la cloaque indique un dimor- 
phisme sexuel, les femelles sont plus longues: D/oD =3,01. Pour la 
longueur de la queue il y a une différence plus claire, mais en sens 
inverse: les males ont la queue plus longue en valeur absolue, et plus 
marquée encore si l’on considére la proportion du corps et de la queue, 


TABLE I 
Enhydrina schistosa 


Corrélations 3 


N R M + om 6 +00 V +ov 

Corpsy ers eo 080-667 693, 612)2081 131,8 + 14,2 19,0 + 2,0 

Poidsing a eet 5 Om A ORL Oeil! 22 IO) ~ SSS Se 33,7 
r: 0,774 z + oz: 1,04 + 0,16 

Corps o2 14 secs - 2 OL 3895067 (685,0 2. 17,9 ~~ 127 ore 12,6 ISO REY 

(COs g25 o oo a es Oil CSIR We tt 24.3 + 2,4 21,0 + 2,1 
m: OS935 z + oz: 1,70 + 0,14 

Corps) io. oss 2 OL (389=86751685,2--247,9- 127,512 62-190 159 

(Conadess yee 2 ee Ol 24-108 678s 3.2 23,0 + 2,3 34,0 + 3,4 
r: 0,800 z + oz: 1,08 + 0,14 

COrps wee) cae cee O89 00s BOO) Zea. 1,98 12755 se 12,6, | Oe 

Reins. .......951 %74-190 143,8 + 4,8 34,3 + 3,4 24,0 + 2,4 
r: 0,890 z+ oz: 1,42 + 0,14 

2 

Oe Gs bee a ce ne oo) Ee! 26.25 700 SES On eae. 

Rees 146 6 6 6 oo 2 WEY Die See — Ws Se Bye on 45 OY 
r: 0,920 zZ + oz: 1,59 + 0,16 

orgs) eo 0-998" 7126 2 25.8 Loe] SE Oey 2a ee 

Oncue Betis) 2 26 2 48 46142 10372) ae 55 24,22 + 2,5 23,5 + 2,4 
r: 0,940 z+oz: 1,74 + 0,15 

(Corpse Was eens of 950-058, 0794,9 2355 al 93,7) 16,020,913 

Gonades ..... .43 20-191 114,6 + 6,4 42,3 + 4,6 36,8 + 4,0 
r: 0,842 z + oz: 1,20 + 0,16 

Gorps= 1 ep ene 2) 390-930) JIT S240" 164,35. 22 N70) 2a) ae De 

Reins. .......47 64-194 130,0 + 5,2 Bee ae Sh ee JE PASS 
HELO z + oz: 2,09 + 0,15 
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Fig. 4. La corrélation entre la longueur du corps et le poids des Enhydrina schistosa. 
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Fig. 5. La corrélation entre la longueur du corps et celle des deux glandes génitales 
des Enhydrina schistosa. 
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Longueur de la queue, m.m. 
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Fig. 6. La corrélation entre la longueur du corps et celle des deux reins des Enhydrina 
schistosa. 


pour les males la queue compte 170°/), du corps et pour les femelles 
140 %/o9, la différence est D/oD =5,2. Pour le poids la différence n’est 
pas valable, D/cD =2,2 et pour autant que différence il y a, celle-ci se 
place probablement pour compte de la grossesse. En effet les 10 ani- 
maux aux grands ceufs pésent en moyenne 337,1 grammes, et les 
1g autres femelles adultes en moyenne 257 grammes, un chiffre qui 
correspond fort bien avec celui des males: 245,6 grammes. 

Comme 1 y a un dimorphisme sexuel dans la longueur du corps on 
peut s’attendre a retrouver des différences pareilles dans la plupart des 
données topographiques. En fait les chiffres de celles-ci a exception de 
celui de l’extrémité craniale des glandes génitales sont plus hauts chez 
les femelles, quoique le quotient D/cD n’excéde la valeur trois que 
pour l’extrémité caudale de l’estomac. I] vaut mieux comparer les 
données de la topographie calculées en °/), de la longueur du corps 
(fig. 7 et table IV). La il n’y a pratiquement aucune différence: pour 
les organes dans la moitié craniale du corps, la position est un peu plus 
craniale chez les femelles, mais la différence, si elle est réelle, serait 
d’un ordre de grandeur de 2 a 3% environ. I] n’y a que l’extrémité 
craniale de la glande génitale qui montre une différence notable: elle 
est plus haute chez la femelle (a 653°/y) de la longueur) que chez le 
male oti elle se trouve 4 6979/99, une différence de 6 °% environ. 
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Pour la longueur des organes il y a une différence trés nette entre les 
glandes génitales des deux sexes (tables V et VI). La longueur des 
ovaires se rapporte a celle des testicules comme 3 a 2. Les reins aussi 
montrent quelque différence dans leur longueur proportionelle chez les 
deux sexes: a droite le rein male et femelle mesurent 97 et 110°/g9, a 
gauche 87 et 106%/9) et les deux ensemble 184 et 216°/99, une différence 
de 13/97 =13.%, 19/87 220%, et 30/186 =16%,. 

Dans les deux sexes les glandes génitales a droite sont nettement plus 
longues que celles & gauche, chez les’males D/oD =3,7 et chez les 
femelles 5,6. 

Les reins 4 droite et 4 gauche ne donnent de différence statistique- 
ment valable ni dans le groupe male, ou D/oD =1,4, ni dans le groupe 
femelle avec D/cD =2,3 en valeurs absolues. Cependant dans les 
femelles les proportions sont assez différentes: le rein droit semble plus 
long: 97 °/) de la longueur du corps, et a gauche 87°/ 9, une différence 
desio/, 


TABLE II 
Enhydrina schistosa 3 


Données topographiques. 


M N R M+o o +00 Vio om? 
Longueur du 
Corps... . . 760 36 652-867 760,0 + 84 50,.6+6,0 6,6 +0,8 71,00 
Queue... . . 128 36 112-148 192.8414 86+4+1,0 66+0,8 2,06 
Sommet du 
Coeur 250. 1.9323 36° 274=3799322, 6 se 2 Lee oa OEE 058) 2336 
Foie 5.) 3s 35345436 4291-406340;6, ce 3:3) NO 7 a2 Sateen One LOL O 
Véesicule bil. . . 480 36 434-566 480,4 + 5,3 31,54 3,7 6,6 +0,8 27,60 
Pancréas. . . . 490 36 435-578 490,0 + 5,3 32,04+3,8 6,5 + 0,8 28,50 
Rate™ = 5). 2 5 400190 4290/9409 4 ero) Ol Orn eos one en OME OL DO 
Test. dr. . . .. 527 36 465-626 526,5 + 6,3 37,7 44.4 7,2 + 0,8 39,60 
Test.g. . . . . 568 36 498-664 568.5 + 6,2 37,4+44 6,6 + 0,8 38,80 
Reindr. . . . . 593 36 519-689 593,9 + 64 384+45 6,5 40,8 41,00 
Reing. ... . 610 36 534-699 610.0 +6,2 37,4444 6,1 40,7 39,00 
Fin du 
Coeur ).) 2450441950367 300404 35055 253.5 210m251.16,01 20, 72s 
Foie 2.) 51/3280) +) 476/36 408-551, 476,0.4- 5,0 B00 243.5 /bo42 0,8, 25,00 
- Vésicule bil. ..... 497.36 440-587 497-4 + 55-330 + 4.0, 6,6 4° 0:6 -~30.25 
Pancréas. . . . 507 36 446-599 506,1 + 5,4 32,5438 64+40,8 29,00 
Rate. 2... 496° 36 435-567" 497 0" oo 32 6 ae 0,9 0,07 oO 
Test. dr. . . . . 576 36 506-665 576,0 + 6,8 39,6 + 4,7 6,9+40,8 46,50 
Test. go . . . . 600 36 525-685 601,446,4 384445 64+40,8 41,00 
Rein dr... . .,675 36 591-778 675,5 + 7,0 41,8 +:5,0 :6,2 40,7. 48,50 
Rein g. . . . . 690 36 601-788 690,1 + 6,6 39,9+4,7 5,8 +40,7 44,00 
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Fig. 7. Les données topographiques des serpents Enhydrina schistosa en promille de la 


longueur du corps. 


TABLE III 
Enhydrina schistosa 2 


Données topographiques. 


M N R M to o +06 V tov om? 
Longueur du 
Corps . 804 34 685-938 803,3 + 11,5 67,3 48,2 84 +4 1,0 133,0 
Queue . L167 34.°92—-142) 16,3 = 2,2 12,6 £155 10435) 4n7 
Sommet du 
Coeur . 340 34 276-397 338,8 + 5,0 29,3 +3,6 86+41,0 25,3 
Hotes. Son. <. 363 34 300-424 363,0 + 5,6 32,5 +4,0 9,0+41,0 31,0 
Vésicule bil. 503 34 415-596 503,6 + 7,6 44,1 +5,0 8,7 41,0 57,2 
Pancréas . 510 34 418-600 510,6 + 7,5 43,7 +5,0 85 +441,0 56,0 
Rate 509 33 418-597 505,5 + 7,7 44,00+5,4 8,7 +1,1 59,9 
Ovaire dr. 525 34 445-643 525,0 + 8,7 50,4+6,1 9,41,2 75,0 
Ovaire g. 580 34 495-673 582,2 + 9,2 53,6 +6,5 9,2 + 1,1 84,5 
IRSshal Chee 619 34 516-731 619,6 + 9,7 565 +7,0 9,1 +1,1 94,0 
Rein g. 653 33 557-760 653,6 + 10,3 58,8+ 7,5 9,0 + 1,1 105,0 
Fin du 
Coeur . 367 34 301-426 367,4-+ 5,5 31,.64+3,9 86+ 1,0 30,2 
Boies rse. 503 34 418-586 504,0 + 7,2 42,0+5,0 83 +1,0 52,0 
Vésicule bil. 522 34 429-620 523,1 + 8,2 47,7 +5,8 9,0 + 1,1 67,0 
Pancréas . 529 34 432-621 531,3 + 8,0 465+5,6 88+1,1 63,3 
Rate 515 33 423-607 515,6 + 7,8 44,7 +5,5 86+1,1 60,5 
Ovaire dr. 601 34 500-713 599,7 + 9,7 56,7 +7,0 95 +1,1. 94,6 
Ovaire g. 634 34 545-734 635,9 + 10,1 58,8 +7,2 9,2 + 1,1 101,7 
Rem diy. . 697 34 589-821 700,5 + 10,7 62,14 7,6 8,8 + 1,1 114,0 
Rein g.. . 725 33 613-844 725,7 + 11,1 64,0 + 8,0 8,8 + 1,1 124,0 
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Pour les intervalles entre les organes (tables VII et VIII) la question 
est plus compliquée: la distance B, du pancréas a la glande génitale 
droite est trés nettement différente dans les deux sexes: D/oD =6,4; 
de méme les distances B, du rein droit a la cloaque offrent une diffé- 
rance avec un quotient D/¢D =7,2. A gauche les distances C, du 
pancréas a la glande génitale ont une différence valide aussi avec 
D/oD =3,3, de méme C, de la glande génitale au rein D/oD =11,— et 
Pintervalle C3, du rein a la cloaque donne une différence avec D/oD = 


Ape 


TABLE IV 
Enhydrina schistosa 


Plan topographique en °/,, de la longueur du corps 


Jeunes Adultes Jeunes Adultes 

Mi corps’: & 2 a se Se ey re DUDE O0 488 804 
GorpSisses 6) Aon wo oe oe eee eer OOO sR LOOD 1000 1000 
CUCU CR ous eee Sous een camer) ahem se etme er ee OO mma 7 146 144 
@oeur™ -sommet) =.) 25. © EM es eee ee 440 421 
Fade Wee yaee Via een ot inmre irs tetas vcr att). ~ 236ye 477 456 
longucuris © Male Seas ike Ss eee BOO 37) OW, 35 

Foie Mojanoncin se AM em oG o.oo. e oo “lolh Zia 470 459 
LOU Bacco en eer lh a ge 6 OR ORE 650 626 
longueur ss 2.48) Seley eee Omen le2 W/o 

Vesa biljsommet. see Ae) ees eee OOO SO) 650 626 
DOME NS Sen tee aS ee tee Pod a ood 62 “p. oelalaten GSS) 672, 1650 
TOMeUWEU 4 tg us ay wes id ee erm, DS ay 24 

IBeNaoes Soyeaencu 6 & a a a oo A oo o a a 4 (oe) G4l4 GOR RES2 
TOSS esa ed 2 eco eee freee OME OOS 695 657 
JONSUCUE Sen ue oe ee oe ek 23 25 25 

Rate SOMME Maer a See SE er OO erO4t 669 631 
fii Pee O he ee hy. oy ey OO OO: 680 641 
IONGUCUL Sect een aes Tien LoeCeme me 12 10 10 

Gone Beisommet, 264) avn. bells EE aeee:. (eee al OOO 700 653 
fe ay Se, hole 0 ee Be eet me OO) 770 749 
longsucuritit me Boe S-Ale eee Semel 64 69 96 

[EGG n Soi — oan some og 6 os wow oo JE 750 749 720 
GIA Ss gh ec ee hee ES PC OO OI 195 WISE 
IONSUCUL So. en tole Cee eo 42 AS) 66 

Wes deus” eo eet ese Fal ST oo eee ee TVG 114 161 
Rein Ds-sommet-- 7.0. cee anne tO ISU) TI FTO 
fin 22 Ae 5 a ee ee OOD ae Ol 87 865 
lonsucur:.A.5 Sesh eee ee ot eee OO mel) 90 97 
Rein Gasommet ay 9 yee ee eee 1 mEO OT 813813 
fine 2. JA.e ee ee ee Be 911) MONT? 900 900 
longueur . 0 58 oh OL a: A eens 5 eG 87 87 


Les'deuxs “ci ia Suse Shet, int Skee Ot nmoiS 178 186 


L’> ANATOMIE DE ENHYDRINA SCHISTOSA D 


£39 


Le total des intervalles dans la moitié caudale a gauche, est nette- 
ment plus petit chez les femelles: D/cD =5,6, et encore la distance 
entre le pancréas et le rein gauche est nettement plus grande chez les 


femelles: D/¢D ==4,7; 


TABLE V 


Enhydrina schistosa 3 


Longueur des organes. 


M N R M+om Oo +00 V +o0v om 
Corps . 760 36 652-867 760,0 + 8,4 50,6 + 6,0 6,6 + 0,8 71,00 
Oucucs: 128 36 112-148 129,8+1,4 86+1,0 66+0,8 2,06 
Coeur . 27,6 36 20-34 27,3 + 0,5 3,2 + 0,4 11,4 £13 0,29 
Foie . 131 36 109-161 130,7 + 1,8 11,0 + 1,3 84+ 1,0 3,36 
Ves. bil. . f/ e36 6=32 16,8 + 0,8 4,9 + 0,6 33,8 + 4,0 0,66 
Pancréas . 16,9 36 11-26 16,9 +0,6 3,2 + 0,4 19,00 + 2,2 0,37 
Rate 8-730 4-14 8,/ + 0,4 2,2 + 0,3 25,3 4+2,9 0,13 
ses ticaciae 48,6 36 28-65 48,64+1,4 8341,017,2+2,0 1,92 
sestic om. 32368 a 31,7 £1,3 7,5 + 0,9 23,7 +2,8 1,56 
Wesid cus 80,5 36 45-108 80,8 + 2,6 15,4 + 1,8 19,1 + 2,2 6,60 
Rein dr. . 83 36 64-106 83,3 + 1,6 9,6 1,1 11,4 +1,3 2,55 
Rein g. . 80 36 63-93 80,2 + 1,6 9,6 41,1 12,.00+1,4 2,55 
WMmesvdeux . 162,5 36 127-190 163,2 + 2,9 17,4 + 2,5 10,7 + 1,6 98,44 
Poids 31 140-323 245.6 + 8,6 48,0 + 6,1 19,6 + 2,5 74,00 
TABLE VI 
Enhydrina schistosa 9 
Longueur des organes. 
M N R M +om Oo +00 V +tov Om? 
Corps . 804 34 685-938 803,3 + 11,5 67,3 + 8,2 84+41,0 133,00 
Queue 116 34 92-142 116.3 + 2,2 126+ 1,5 11,0 + 1,3 4,70 
Coeur 28 34 23-36 27,8+ 0,6 3,3 + 0,4 11,8 + 1,4 0,32 
Foie : 143, 34 115-179 139,6 + 2,6 15,0 + 1,8 10,7 + 1,4 6,62 
Vés. bil. . 19) 340 12229 192+ 0,7 4,1 + 0,5 21,4 + 2,6 0,50 
Pancréas 20 34 11-32 19,3 = 0,9 5,1 = 0.6 26,4 + 3,2 0,76 
Ree” : 8:5 33. Fal5 90+ 0,5 2,8+ 0,3 31,1 + 4,0 0,24 
Ovaire dr. . dh Beh Bisa) Tees Je Welly 2 A) A) Se es 7,76 
Ovaire g. BS 84h Mila} sey se SP I) 4 S10) SE hs LOOT) 
Les deux 190 4) PSN IO 2 Sa BOY 2 SESS sb 2) D710 
Rein dr. 78 34 54-110 78,0 2,0 11,8 + 1,4 15,0 + 1,8 4,20 
Rem os TO) Bei aoets) ALS) Se) CS SE IAIN TsO) SEG: 2,66 
Les deux ... 150 33 110-194 150,8 + 3,4 196 + 2,41304+1,6 11,60 
Roidsaeaoae 285 29 171-502 286,9 + 16,3 88,0 + 11,6 30,7 + 4,0 267,00 
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Les proportions du plan topographique dans les animaux jeunes sont 
sensiblement les mémes que chez les adultes: il n’y a que les dimensi- 


TABLE VII 
Enhydrina schistosa 3 


Intervalles entre les organes. 


M N R M +om Oo +00 VieiOw Om* 
Museau-coeur 323 36 274-379 322,7 + 3,5 21,3 42,5 6,6 + 0,8 12,30 
Coeur-foie . —-5 36 -10/+2 48+0,6 3,4 + 0,4 70,0 + 8,2 0,31 
Foie-ves. bil. 4,3 36 -9/+26 4,2+1,0 6,3 + 0,8 85,7+10,0 1,10 
eames ce oe te 332 36 294-392 331,0 + 3,7 22,2 +2,6 6,8 + 0,8 13,70 
Pancr.-test./dr. 21 36. . 2-45. 20,6 4 1,4 8.8 + 10 42,64 350 2.05 
Test. /dr.-rein/dr. 16,5 36 -2-40 17,841,5 8,9 + 1,0 50,0 +58 2518 
Rein/dr.-cloaque 85 36 61-104 84,9+41,8 11,1 + 1,3 13,6 +1,5 3,40 
Bos wesc cay pe l22- 96. B6=147 1230 4 28 16,6 222,015, 6 aon, 
Pancr.-test./g. . 62 36 42-90 62,44 1,8 10,5 4+ 1,2 16,8 + 2,0 3,05 
Test./g.-rein/g. 9 36 -3-31 8,9+1,3 7,5+0,9 8441,0 1,56 
Rein/g.-cloaque . 71. 36, 51-84, 70,8) 42 4.5. 9,242 Isl 12,9 ee aoe 
oe 144 36 105-181 142,0 + 3,0 17,8 + 2,1 12,44 1,5 8,80 
2 Bia. 454 36 380-532 454.8. 5,9 33,042 3,9 7,3 .0;9 30-00 
AE Cieay sae. 476 36 399-540 475,0 + 5,8 35,0 +4,1 7,4 + 0,8 34,00 
Pancr.-rein/dr. 86 36 55-111 86,0 + 2,1 13,0 + 1,5 15,14 1,8 4,40 
Pancr.-rein/g. 103, 365 (/0=134) 102) Jeep lS. Op O35 2a Once 

TABLE VIII 
Enhydrina schistosa 2 
Intervalles entre les organes. 

M N R M+om 6 +00 V + ov om? 

Museau-coeur. . 340 34 276-397 338,8 + 5,0 29343,6 8,6 + 1,0 25,3 
Coeur-foie —4,5 34 -14/-1 44+ 0,6 3,6+ 04 80,7 = 98 0;37 
Foie-vés. bil. 0,3 34-20/428 0,9 + 1,7 9,8 + 1,2 1080 + 132,0 «2,80 
AN. . . . 335,0 34 272-410 335,8 + 6,0 34,7 4+ 4,3) 10,3 41,3 °35,40 
Pancr.-ov/.dr.. . 5,0 34-22/+26 4,6 + 2,0 11,7 + 1,4 257,0 + 31,0 4,04 
Ov./dr.:rein/dr.. 18 34 —5+-49 17,3 + 2,0 11,7 41,44 67,5.4 82 4,00 
Rein/dr.-cloaque 106 34 82-130 105,1 + 2,0 11,9+41,5 11,34 1,4 4,20 
Bes 129 -34>-85-186 129,04 3,6 20,9 369757) 160:4: Foonigae 
Pancr.-ov./g. S134" 22-95) 4 4+ 2,9-16.8 S220 99-74 0 see0 
Ov./g.-rein/g. . . —18,4 33 -50/+5 -18,1 + 2,0 11,5 41,4 64,0 + 80 4,00 
Rein/g.-cloaque . 79 33 60-103 79,04 2,0 115+1,4 14,6 + 2,7 4,00 
irae fhe 111 33 66-165 111,0 + 4,6 26,7 + 3,4 24,1 + 3,0 21,60 
ING) a 463. 34 369-579 463,6 + 7,5 44,1 25,5" 9,5-4.1,20 57,20 
A+C . 429 33 356-541 445,7 + 8,8 50,3 £62° 1153-4 1,5277,00 
Pancr.-rein/dr. 89,8 34 65-139 89,6 + 3,3 19,2 42,3 21,4 + 2,6 10,80 
Paner.-rein/g.... 122. 33° 83-175 122,84 3,6 21,1 42.6 17,3 4 2,1. 13350 
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ons des glandes génitales qui augmentent chez les adultes, et la situa- 
tion des organes de la moitié antérieure qui devient plus craniale dans 
les adultes ae deux sexes. 


VARIABILITE 


Pour les données topographiques chez les adultes, le coefficient de 
variabilité est petit: de 5,8 4 7,2 pour les males et de 8,4 a 9,6 pour les 
femelles. 

Le poids est plus variable, V =20 pour les males, et 30 pour les 
femelles. Les longueurs des organes sont un peu plus variables aussi: le 
coeur, le foie, les reins ont un coefficient de 8,4 4 12 pour les males, et 
de 10,7 a 15 pour les femelles; les petits organes: pancréas, vésicule 
biliaire et rate ont V =19 a 34 pour les males, et de 21 a 31 pour les 
femelles, les glandes génitales ont V =17 a 24 pour les males et de 21 
a 35 pour les femelles. 

Les intervalles montrent une variabilité beaucoup plus grande: chez 
les males la distance A, du coeur au foie, Aj du foie a la vésicule biliaire, 
B, du pancréas au testicule droit et B, du testicule droit au rein droit ont 
V =de 42 a 85. Chez les femelles l’intervalle A, du foie a la vésicule 
biliaire est excessivement variable, de telle fagon que le chiffre n’en 
donne plus une image claire. D’ailleurs la distance B, du pancréas a 
_ Povaire droit est trés variable aussi avec V =257. Enfin B, de l’ovaire 
droit au rein droit et C, de l’ovaire gauche au rein gauche ont des 


valeurs pour V de 67 et 64. 
Amsterdam, aout 1954 
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As in previous years, the scope of the work done at the Zoological 
Station has covered mainly ecological problems, and the students’ in- 
creased interest in these matters has certainly contributed to this 
year’s progress. The line of research at Den Helder tends to show a 
markedly different development in comparison with the early years 
after its initiation. When the research program that had been initiated 
in the thirties got under way, the investigations undertaken aimed at a 
general orientation. At that time special attention was paid to the 
local distribution of certain animal species and to the underlying prin- 
ciples. In dealing with the causes of distribution it was customary to 
refer mainly to external, especially abiotic milieu factors. Gradually, 
however, another stage has set in, in which the study of the environ- 
ment no longer predominates, but stress is rather laid on the animal’s 
reactions to its environment. The line of research was thereby virtually 
switched over to physiology and ethology, although the problems re- 
mained ecological in essence. Part of the work, which is now being 
carried out, should be regarded from this point of view. 

The investigation of the spatfall of the mussel (Mytilus edulis) was 
continued by Mr. van DonceENn and Mr. van HaarTen (both from 
Utrecht) and Mr. Bas (from Leiden). The work of van DonGEN and 
vAN HAAFTEN was a continuation of the attempt undertaken by Mr. 
Rooru in 1952. In the preceding annual report it was stated that the 
very youngest spat mainly settle on algae and hydroids, but that after 
a certain amount of time they leave these and join the old musselbanks 
or found new ones. Now, it is likely that the depth, at which the spat 
find themselves when settling, depends on light intensity. In this con- 
nection the question arises whether the youngest spat, which settle 
preferably in very shallow water, require more light than the young 
mussels that shift over from the algae to the banks and apparently 
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settle deeper than the youngest spat. Therefore, data are now required 
on the settling at various depths, and it is a laborious job to obtain 
these. Hence, like Mr. Rooru in 1952, Mr. vAN DoncEeNn and Mr. vAN 
HaarteEn did not obtain decisive results. We hope that the work will be 
resumed in 1954, however. 

Mr. Bas continued his 1952-observations concerning the settling of 
young mussels on old banks, the foundation of new banks and the 
growing up of the spat. His participation in the Station’s activity has 
come to an end for the time being. His records comprise interesting 
details on the settling and shifting of the young on certain banks, which 
will be published in the ‘‘Archives’’. 

Mr. Basalso terminated his experiments on the influence of light and 
darkness on the duration of life of young cockles and mussels already 
mentioned in the previous report. His results show that under experi- 
mental conditions the mortality of mussels and cockles after settling is 
not enhanced by darkness to any appreciable degree. Since the spat 
because of their need for high light intensities cannot but settle in shal- 
low water, whereas mussels, when adult, are apparently not adversely 
influenced by absence of light, it may be queried whether for the 
grown-up specimens there is an additional advantage in settling in 
shallow water. It is assumed that, at least for the cockles, the shallow 
position may favour the perception of the approach of enemies. It is 
known that the cockle has well-developed eyes. 

Our knowledge of nudibranch slugs entered a new phase thanks to 
the work of Mr. bE Wor and Mr. van Haarren. The work of Mr. DE 
Wo tr was directed by Prof. ren Cate and Dr. p— WiLpE (Amsterdam), 
This investigation aimed at the localisation of smell and current per- 
ception in Aeolidia papillosa and Catena aurantia, for which purpose 
sea anemones and hydroids were used as sources of scent. The 
chemoreceptors are situated in the rhinophores, whereas the sense of 
touch must be attributed to the oral tentacles. The rhinophores are not 
instrumental in the perception of currents; the localisation of this 
sense still remained uncertain. 

The work of Mr. van HaAarTeNn was a continuation of last year’s 
endeavours of Miss pe Konine (Utrecht), who attempted to demon- 
strate that in running water slugs do not rely on a gradient of scent for 
finding their food. It was found that a slug, once it has been activated 
by scent, will head against the current, thus being guided to the source 
of smell. The data will be published in the ‘‘Archives” and need no 
discussion in full here. The result elucidates the general principle 
that in the sea scent or other factors like temperature or salinity changes 
may have a clear stimulative effect, but that orientation is a matter of cur- 
rent direction. 
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The behaviour of the common shrimp (Crangon crangon) under a 
diminishing head of water was studied by Mr. Gras (Groningen). It is 
obvious that a species like the shrimp, which in summer mainly inhab- 
its the Wadden Sea, should possess responsive faculties that guide the 
animal away from the tidal flats during the ebb-tide. This would re- 
quire a reaction to the change in water level as well as a choice of 
direction determined by the current. Mr. Gras only dealt with the 
former, the response tc the falling of the water level. He found that 
shrimp actually react to excessive shallowness by departure and he 
also found out in what way they perceive the falling of the water level. 
No further discussion will be given here, as his contribution will ap- 
pear in the “‘Archives’’. 

An investigation into the chemoreception of Littorina obtusata, for- 
merly initiated by Mr. Espince WussBe and Mr. BARKMAN, was con- 
tinued by Mr. van Doncen. It was ascertained that Littorina obtusata 
reacts positively to the scent of Fucaceae and that the attraction varies 
according to the species of algae. The snail’s preference for different 
species, however, apparently accords only partly with its preference for 
these species as food. 

Our knowledge of the feeding mechanism of mussels, which was so 
much promoted by Dr. ‘TAmmes during the previous season, was now 
enhanced in one respect. Miss BLoxzyjt (Groningen) tried to find out 
whether mussels, in waters with a high concentration of particulate 
matter, will reject a greater proportion of material (eventually taking 
up less) than in waters containing little matter in suspension. It has 
been a debated question for many years whether waters, teeming with 
suspended matter (plankton included), would be less favourable to the 
feeding of mollusks than those carrying relatively few particles. An 
attempt was made to solve the problem by separating faeces and pseudo- 
faeces and to determine their relative quantities in waters of differ- 
ent silt content. It became evident that this quantitative relation in- 
deed depends on the concentration of the medium, but individual 
differences are considerable. Since the results obtained so far are quite 
valuable it would be worth while to have these experiments continued. 

Other investigations were undertaken by Miss Koopman (from 
Utrecht), Mr. pen Hartoc an Mr. Hitientus (both from Amster- 
dam). 

Miss Koopman made some observations on the cardiac rhythm in 
young mussels. The heart seemed to undergo a marked retardation 
when the shells were closed, but the experiments will have to be con- 
tinued in order to obtain more reliable results. 

Mr. ven Harroc studied the behaviour of two nudibranch slugs 
from the tidal flats, Alderia modesta and Limapontia depressa. The choice 
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of thisitem was entirely due to his own interest in these species, which 
mainly feed on algae of the genus Vaucheria. His observations are of 
importance in connection with our experience with other nudibranch 
slugs. They are likely to be continued in 1954. 

Mr. Hit.entus visited Den Helder in order to check his observations 
on ciliary movement in Metridium senile previously made in Amsterdam. 
This investigation was directed by Prof. rEN Cate and Dr. DE WILDE 
(Amsterdam); the observations made at Den Helder only served to 
complete his material. He was able to confirm that ciliary reversal is 
induced by various substances, as was formerly described by PARKER. 
This phenomenon is most remarkable in connection with the irreversi- 
bility of ciliary activity in general. 

Finally, mention should be made of the work of Mr. McKay, an 
American Fullbright student, who stayed at Den Helder for almost a 
year. His activity concerned the annual migration of herring into the 
former Zuiderzee, more in particular the influence of external factors 
on the herring’s first appearance. His material was based on the records 
of landings from 1880 to 1910 and the matter seems to resolve itself 
into the following. An annual periodicity in reproduction, induced by 
increasing temperature or daylength, should be considered the under- 
lying principle. Superimposed on this rhythm there is the influence of 
temperature during a certain part of the winter, which determines 
whether reproduction will start early or late. The moon in its turn 
limits the earliest date of arrival to a certain range of its cycle, within 
which some shifting may again be caused by the actual temperature 
within that period. The matter is therefore complicated enough and 
the results cannot be accepted without reserve until the data have been 
studied in more detail. Valuable help was given by Prof. S. W. VIssER 
of the Royal Netherlands Meteorological Institute, De Bilt. 

In connection with the foregoing details the work of Mr. pE BLox 
should be mentioned. Thanks to a grant made by the Netherlands 
Organization for Purely Scientific Research (Z.W.O.) he was given a 
research assignment for investigations into lunar or tidal influence on 
reproduction in marine animals, as was already put on record in the 
previous annual report. In 1953 his energies were mainly devoted to 
orientation and preparation and it will still take considerable time 
before the installation apparatus designed will work to perfection. The 
execution of this research is directed by Dr. Korrinca and the under- 
signed. 

Apart from his main commission comprising problems connected 
with waste water disposal, which will be discussed later on in this 
report, Dr. ‘Tammes found time to study the development of gas in the 
airbladders of Ascophyllum nodosum; his experience has contributed to a 
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better understanding of known facts. Under natural conditions the 
oxygen content and pressure of the gas depends on the intensity of 
photosynthesis, and the oxygen liberated inside the bladder may in 
part be exchanged for nitrogen dissolved in the water outside. Loss of 
gas in the bladder may either be caused by diffusion or by respiration. 
When loss exceeds production the gas pressure will at a given moment 
be reduced below the pressure of the medium and the airbladders will 
then tend to deflate. The elasticity of the bladder wall will oppose the 
deformation with the effect that water enters the cavity. It was demon- 
strated that the bladder walls are permeable for gases, water, various 
salts and sugars. Details have been published in ‘‘Acta Botanica Neer- 
landica’’, 3, 114-123, 1954. 

Dr. WESTENBERG has several times given a review of the overfishing 
problem. This year a Dutch version, revised with regard to recent 
literature, has appeared in “‘Statistica”, 7, 71-95, 1953. Another point 
that has his particular interest concerns the reactions of fish to natural 
sound signals. A contribution to this subject was published in “‘Journal 
du Conseil’, 18, 311-325, 1953. In connection with the desiderata raised 
by his suppositions the Netherlands Organization for Applied Re- 
search (T.N.O.) has developed a hydrophone sensitive to a wide range 
of frequencies. 

As in former years, Mr. KrisTENSEN spent much of his time on the 
study of migrant species by means of our system of buying up landed 
specimens. The bream (Brama raji) was conspicuous by its absence in 
1953, in striking contrast to the considerable invasion of this species 
witnessed in previous years. The large numbers of haddock (Gadus 
aegle finus) met with in 1953 were interesting, since the species hardly 
occurs in the southern part of the North Sea apart from periods of 
abundance as witnessed immediately after the world wars. Mr. Kris- 
TENSEN assumes a connection between this year’s increased occurrence 
of haddock and the excessive penetration of Atlantic waters into the 
southern North Sea from the North, which was at that time observed 
by the German research vessel ‘‘Gauss’’. Apparently, this penetration 
of Atlantic waters did not stop the immigration of southern species 
through Dover Strait, since the red gurnard, 7rigla cuculus, which was 
rare in 1952, was numerous in 1953. It is remarkable, however, that 
the southern migrants, entering the North Sea through Dover Strait, 
arrived late in the season. Since the most important 1953-migration 
data are listed below, they are not further discussed here. 

The hydrographic investigations under the direction of Mr. Posrma 
mainly concerned the cycle of nutrients in the Wadden Sea. The chem- 
ical analysis of suspended matter is a laborious business, which is 
steadily proceeding thanks to the patience of Mr. Brxe. A series of 


Species Sex; Size (cm) Locality 


(LV = Lightvessel; ST means buoy on the Silverpit-Texel route) 


Southern migrants, supposed to have entered the North Sea through Dover Strait 


Alopias vulpes + 150 from fyke, ‘Texel island 

Raia brachyura between Texel Hole and Silver Pit 

Raia montagut between coastal waters and Silver Pit 

Acipenser sturto 16 and near ST 3; N. of Terschelling, 33 m 

55 kg 

Clupea pilchardus near LV ‘‘Texel’’, from Texel Hole and Tea 
Kettle Hole 

Merluccius merluccius 33 53-58 near ST 4 (2 sp.), Texel Hole, Black Bank 

ENppocampus europaeus 14 Mouth of the Ems 

Spondyliosoma cantharus 6; 16-35 smallest sp. from Wadden Sea, the others from 
Texel Hole-Tea Kettle Hole 

Atherina presbyter 7-13 1 sp. from fyke near Den Helder, 9 sp. from 
brackish waters on Texel 

Trigla cuculus mostly from Texel Hole area (no data collected 
in August) 

Solea lascaris 25and27 60 KM WNW of IJmuiden 

Northern fishes likely to have entered the southern North Sea from the North 

Gadus virens tad.+ 4 ST 4 (1 ad. sp.); from fykes near Den Helder 

juv. (4.sp. + 20 cm) 

Molva molva 30-35 Texel Hole — ST 5 

Onos cimbrius Texel Hole area 

Anarhichas lupus 35-50, 75 SW border of Oyster Grounds (4 sp.); Black 


Bank (1 sp. 75 cm) 


Fishes, whose direction of migration is uncertain 


Maurolicus mulleri 6 washed ashore at Texel 
Raniceps raninus 7 and 27 near Texel; Texel Hole 
Labrus berggylta ORO go KM WNW of IJmuiden 
Crenilabrus melops 15 and 16 from fykes near Den Helder 
Scorpaena dactyloptera 3,0) 1Osi5mo ls 9a(23sp.)\selexel Eloles(aispa) 
Lepidorhombus whi ff-iagonis 2 47 neam lV hexel: 
Keugopterus punctatus 07 Texel Hole 
Aphia pellucida 5.5 Wadden Sea 
Evertebrates, ‘“‘rare’’ in the area off Den Helder 
Portunus puber coastal waters (3 sp.); LV “Texel’’; Texel Hole 
(7 sp-); ST 2 . 
Portunus depurator near ST 4 
Ebalia cranchi Texel Hole 
Diogenes pugilator Texel Hole (in Clathrus- and Lora-shells). 
Nephrops norvegicus Texel Hole —- ST 4 
Pecten maximus 13, 14,14 Pit-buoys P2—P4 
Eledone cirrhosa LV “Texel” — Tea Kettle Hole 
Octopus vulgaris B} Oe Texel Hole; ST 5 
Sepia officinalis 20 sp. < 13 mostly from coastal waters 
cm 
Loligo vulgaris mostly from coastal waters (no data collected in 
Aug.—Sept.) 
Loligo forbe st mostly from Texel Hole area (no data collected 


in Aug.—Sept.) 


Numbers per month 
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analyses of monthly samples from three stations between Den Helder 
and Den Oever is now available. 

The salinity distribution within the Waddensea channels was studied 
in cooperation with the Royal Netherlands Meteorological Institute 
(K.N.M.I.), the Oceanographic Section of which has, in post-war 
years, developed a continuous recorder of temperature and salinity, to 
be used on board a running vessel (DoRREsSTEIN in: Meded. Verh. 
Kon. Ned. Met. Inst. 59, 387-403, 1954). With this instrument Mr. 
Postma intends to investigate the formation and distribution of tide- 
rips. Provisional measurements made by Dr. Dorreste1n of the 
K.N.M.I. and Mr. Posrma have already demonstrated its suitability 
for this purpose. 

Besides, Mr. Posrma cooperated in investigations carried out in the 
harbour of Ymuiden by the Government Institution of Fisheries 
Research, the Government Institution for the disposal of waste water, 
the Rijkswaterstaat and the Zoological Station. This investigation was 
started with a view to assessing the extent to which fish suffer from 
harmful substances in waste water discharged by nearby industrial 
plants. 

Considerable attention was again paid to the deteriorated condition 
of the Nieuwediep, which formerly used to furnish the water for the 
aquarium of the Zoological Station. This matter is becoming rather 
critical. In connection with the construction of the new naval base the 
Nieuwediep has been closed, as was already mentioned in last year’s 
annual report. Its marine state was then seriously affected, but good 
water could at first still be obtained from the deep. This year, however, 
silt and low salinity became a regular nuisance, so that water had to be 
shipped almost constantly from the Marsdiep. As long as the new har- 
bour is still under construction it is hard to make predictions, but it 
seems likely that in the future a regular water supply from the Marsdiep 
will be indispensable for our aquarium. 

Finally, Mr. Posrma spent much time on working out his observa- 
tions made during the geological expedition to the Caribbean area, 
already placed on record in the previous annual report, and some 
hydrographic data of the Snellius Expedition. 

By October ist Dr. Tames finished his investigations on the in- 
fluence of industrial waste water on marine life. By this time we are free 
to state that this item was connected with industrial efforts to win 
potassium from seawater. In this procedure potassium is precipitated 
with the aid of a certain reagent which can only be recuperated in 
part. ‘Thus the necessity of waste diposal led to the study of the rea- 
gent’s toxicity and decomposition under natural conditions. In the two 
and a half years that he devoted to the subject Dr. Tamms gained an 
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understanding of the process of intoxication, the dependence of toxicity 
on temperature, the susceptibility of several species, the decomposition 
of the reagent under aerobic and anaerobic conditions, and its ready 
adsorption by organic matter. Part of the results concerning the depend- 
ence of toxicity on temperature will be published in ‘‘Physiologia 
Comparata et Oecologia”. The investigation has yielded a reliable 
basis for assessing the risk involved in discharging this waste substance 
into the sea. Industries become more and more inclined to drain their 
wastes into the sea without realizing the need of precautions against 
the consequences. This attitude would, within a few decades, spoil our 
coastal waters if the Government should not intervene. 

The number ofstudents attending this year’s summer courses amount- 
ed to 19; 10 of them were from Leiden, 8 from Utrecht and 1 from 
Amsterdam. On account of illness of the director the courses were 
given by Messrs. KrisTENSEN, Postma, Tammes, WESTENBERG, and DE 
BLoK. 

Apart from our own program Dr. Krpp organized courses for 1st and 
2nd year students from Utrecht; 40 of them were split up into four 
groups, each group visiting the Station for three days. Also from the 
Free University (Amsterdam) 9 students came for 6 days under the 
direction of Mr. ANTHEUNISSE. 

The total number of man-days for individual investigators and sum- 
mer course participants in 1953 amounted to 1514. There is, from year 
to year, a striking variation in number, the average being 1016 for the 
period 1947-1953; in 1952 the number was 736, against 1514 in 1953. 
For this reason it is hard to state whether there is progress or decline, 
as was attempted in the previous report. 

Close cooperation was again maintained with several public agen- 
cies, especially with the Government Institute of Fisheries Research 
and the ‘‘Rijkswaterstaat’”’. On many occasions our Station was in 
touch with the University laboratories. Our special acknowledgments 
are due to Mr. vAn LizsHout, Commissioner of Pilotage at Den Helder, 
for his courtesy and helpfulness. The Netherlands Educational Film 
Company has, for several years, taken advantage of the Station’s in- 
stallation, and has, in exchange for facilities granted, kindly promised 
copies of the films made at Den Helder. The German research vessel 
“Gauss” again visited Den Helder in 1953. The investigations of the 
German Hydrographical Institute in the southern part of the North 
Sea are most interesting and again it was a privilege to have the work 
explained. The English research vessel ‘‘Sir Lancelot’ called at Den 
Helder several times. Among the other foreign visitors we only mention 
Dr. B. H. Kercuum of the Oceanographical Institute at Woods Hole 
(Mass., U.S.A.). 
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The building required considerable expenditure, especially for 
repairs in the caretaker’s rooms. Other parts of the building were also 
improved during this and previous years, which has made things look 
a good deal better. The gale of February 1st caused rather serious 
damage to the roof. Finally, repairs of the seawater supply-piping 
through the dike were rather expensive. 

The students’ lodge ‘‘Potvis” (= Cachelot) has not cost a great deal 
this year. In summer it houses quite a number of students and we only 
wish it could accomodate twice as many. 

The Station’s vessel ‘‘Max Weber” did not require much either after 
last year’s replacement of her crank-shaft. Mr. vAN Brepa, the new 
skipper, gave her a general overhaul, which restored her good appear- 
ance. The vessel spent 56 days at sea during the year; she is quite 
indispensable for the Station’s ecologic and hydrographic activities. 
The rowboat ‘‘Pelk’’! underwent thorough repairs at the end of the 
season. 

There have been some changes in personnel during the past year. In 
the first place Dr. Tames finished his investigations on waste water 
influence, carried out by contract with Mekog Ltd., Ymuiden, on 
October 1st. His departure was felt as a severe loss since we all bene- 
fited from his dexterity in experimental technique. Dr. TammeEs joined 
the staff of the Phytopathological Service at Wageningen. Mr. G. vAN 
DER WAL, student analyst, equally working for Mekog, was taken over 
by the Station. He stepped into the place vacated by the student analyst 
T. DE BorErR, who was appointed analyst at the Government Institution 
of Fisheries Research. Miss C. NAGTEGAAL left for Australia; she was 
succeeded by Miss C. M. PLAnxEN. Mr. C. K. A. van BREDA was ap- 
pointed resident caretaker-skipper; together with his wife he moved into 
the Station on June rst. Finally, mention should be made of the direct- 
or’s absence for three months on account of illness. Fortunately his 
administrative and scientific activities went on for the greater part 
during this period. 

The Library gained a further extension of exchange relations. It is 
clearly noticeable that the staff of the Station can avail themselves of 
the services of a librarian of scientific training in the person of Dr. 
WESTENBERG, who is specially detailed for the purpose. He and Miss 
STOLL together settle quite a lot of affairs, which would have remained 
undone in the absence of a special worker. 

The supply of study materials again scored a considerable turnover. 
The purchases of animal specimens amounted to about fl. 3300.—, 
while fl. 450.— were spent on freight, packing, preserving solutions, 


* This boat has been named ‘‘Pelk”’ in memory of Ter PELKwijk, a promising junior 
biologist, who was killed in action south of Java in 1942. 
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etc. The expenditure, including amounts paid for specimens for our 
own use and aquarium food, totalled fl. 3750.—. The income amount- 
ed to fl. 4500.—. Hence the profit realized was about fl. 770.—. This 
part of the affairs, and especially the study of the specimens received, 
is in the hands of Mr. KrisrENsEN, assisted by Mr. Bunre. 

The Government grant for 1953 amounted to fl. 74,550.—, of which 
fl. 60,000.— was destined for salaries and National Insurance, the 
remaining part for the Station’s exploitation. The further income 
consisted of the Society’s contribution to the library and to the publish- 
ing of her periodical, some 300 copies of which are used for exchange. 
For 1953 there was, moreover, an extra-sum from the National Re- 
habilitation Fund. Thus the Station’s income totalled over fl. 80,000.—. 
The budget is likely to call for another fl. 10,000.— in 1954. The status 
of the Zoological Station has gradually changed, so that its new function 
in Holland should justify increased expenditure. The statement of 
income and expenses is appended. 
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In recent years an old field of research, the hierarchy of instincts, has 
been rediscovered by students of behaviour. Most of these recent work- 
ers, however, seem to be unaware of the progress that has already been 
made by many predecessors in this field, and some of them go so far 
as to claim that the principle of hierarchy is exclusively the discovery 
of the school of workers to which they happen to belong. In his book 


1 In this paper some results achieved by the Dutch “‘Research Group on the Behav- 
iour of Domestic Animals”’ (T.N.O.) have been inserted. The author wishes to express 
his sincere thanks to Dr. W. H. THorrr, Miss E. M. BaArraup and Miss D. R. Haines 
who have given much careful help in correcting the English text. The author also 
wishes to extend his thanks to the Institute of Psycho-Analysis, London, for the 
English quotations from the works of FREup. 
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“The Study of Instinct” TrvBERGEN (1951, p. 104) writes: “The prin- 
ciple of hierarchical organization has been tested in but three cases: 
the digger wasp, the three-spined stickleback and the turkey”’, thereby 
referring to papers by BAERENDs (1941), TINBERGEN (1942), and 
RABER (1948). Similar statements explicitly excluding the contribu- 
tions of other and previous schools have been made by HINDE (1953, 
p. 189; 1954, p- 44), LoRENz (1952, Pp. 543 1954, P. 140), and RABER 
(1948, p. 249). As a matter of fact, however, the concept of hierarchy 
has had a long history. 

One could understand the boldness of such statements as quoted 
above if these modern workers had succeeded in developing a new way 
of approach to the problem by means of which the many pitfalls in 
this field might be avoided and a new basis for the concept of hierarchy 
be laid. A critical examination, however, will show that the logical 
consequences of these newer ideas on hierarchy have not been consid- 
ered by their exponents and, moreover, the older concepts appear to 
contain valuable elements which are still worthy to be preserved as they 
may present useful suggestions for new investigations. This is especially 
important because in actual scientific research it often happens that 
general theory determines which facts shall be observed, instead of the 
observed facts determining which theories shall be developed. We shall 
see that this state of affairs applies also to the history of scientific ideas 
on hierarchy. 


In this paper a review of existing ideas on hierarchy will first be given. 
It will be seen that in the past, as in the present, many preconceived 
views have seriously hampered the recognition of the principle of hier- 
archy. Also, the criteria of evidence pointing to a hierarchical organisa- 
tion of behaviour will be critically examined, and as a consequence of 
this a part of the criteria that have been applied by some recent workers 
will be rejected. Finally, some prospects of future research will be 
envisaged. 


I. THE IDEA OF_ HIERARCHY IN PSYCHOANALYTICAL 
AND CHILD PSYCHOLOGY 


FREUD’s approach to hierarchy 


It is interesting to note that the principle of hierarchical organisation 
in‘ behaviour has been known for half a century or even longer. In 
1905 the first edition of Frrup’s ‘‘Drei Abhandlungen zur Sexual- 
theorie”’ was published. (Ges. Werke V, pp. 33-145; English editions: 
“Three Contributions to the Theory of Sex”, 1910; ‘““Three Essays on 
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the Theory of Sexuality”, Standard Ed. VII, pp. 125-245, 1953) In 
this pioneering booklet Freup presented a detailed account of his 
views with regard to the organisation of the subordinate or partial in- 
stincts (‘‘Partialtriebe”’?) under the supremacy of the genital instinct 
(““Genitaltrieb”’) and with regard to the ontogenetical development of 
this hierarchical system!. In doing so FrREup continued and extended 
the work of several previous pioneers such as Havetock Etuis, M. 
HIRSCHFELD, VON KRAFFT-Epinc, Mo.t, and others whose names are 
still well-known today even in lay circles and whose main writings 
have been reprinted regularly in recent years (e. g. voN Krarrt- 
EBING in 1952). It may be that these authors in their turn had pre- 
decessors who are forgotten now. FREuUD’s quotations in this connection 
go back to GLey (1884) and Jean Jacgues RoussEau (1712-1778). 

Moreover, one may safely assume that FREuD was inspired by parallel 
ideas in neurology at that time. Since Jackson’s famous ‘‘Croonian 
lectures on évolution and dissolution of the nervous system” (1884) the 
concepts as well as the terms “‘hierarchy”’ and “‘level’’ of nervous centres 
have been familiar to anybody dealing with nervous diseases. 

It is quite impossible to summarise FREup’s findings on hierarchy 
in a few pages and therefore any student of animal behaviour who is 
interested in the fundamentals of this science must read the original 
paper quoted above, amplified by some other writings by the same 
author. (Especially ““Triebe und Triebschicksale’’, published 1915, 
Gesammelte Werke X, pp. 210-232, English translation: ‘‘Instincts 
and their vicissitudes’’, Collected Papers IV, p. 6off, further “‘Die in- 
fantile Genitalorganisation’’, published 1923, Ges. Werke XIII, pp. 
293-298, English translation: “‘The infantile genital organization of 
the libido’, Collected Papers II, p. 244 ff.) Some aspects of psychoana- 
lytical theory, however, must be mentioned here and reviewed briefly in 
order that the tenor and coherence of this paper may be properly 
understood. 

First, it is important to realise that FReup studied hierarchy by 
studying ontogenetical development as well as adult organisation of 
instinctive driving forces. During ontogeny the partial instincts mature, 
are conditioned, and function more or less independently of each other 
for some time before they are integrated into larger units, and these 
larger units in their turn remain independent for some time until, as a 
consequence of further maturation, they join together as components 
in a still higher unit of organisation, and so on. This sequence justifies 
the recognition of developmental stages or phases in instinctive organ- 


1 In the official English edition of FREup’s collected papers ““Trieb”’ has been trans- 
lated ‘‘instinct”’, although in many cases the term “‘drive’’ would have been more 
adequate. The word “‘Trieb”’ has both connotations. 
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isation, viz. the oral phase, the anal-sadistic phase, the phallic phase 
and the genital phase, corresponding with as many hierarchical levels 
in the driving system of ‘‘sexual” behaviour. (In this context we may 
leave out of consideration the special connotation of the word “‘sexual”’ 
in FrEup’s terminology.) 

It will be clear that this two-sided approach to hierarchy (ontogenetic 
development as well as adult organisation) offers great possibilities for 
analysing the interactions in the driving system, both during the period 
when the drives under consideration are still working functionally in- 
dependently and during the period when they have been integrated 
into a comprehensive instinct of higher level. It was FREuD who in this 
way (thirty years before von Hoist and Lorenz) recognised endo- 
genous action-specific stimulus generation in a fixed motor pattern, 
viz. in false-sucking (Wonnesaugen), if we translate his findings into 
ethological terminology (Ges. Werke, V, pp. 80-81; Stand. Ed. VII, 
p. 180). No doubt Freup’s ideas on this point were largely influenced 
by the theory of ‘‘specific energies” of JOHANNES MULLER who was one 
of FrEup’s teachers. In this connection FREupb’s definition of instinct 
(Trieb) may be quoted: “‘By an ‘instinct’ is provisionally to be under- 
stood the psychical representative of an endosomatic, continuously 
flowing source of stimulation, as contrasted with a ‘stimulus’, which 
is set up by single excitations coming from without.” (Ges. Werke V, 
p. 67; Stand. Ed. VII, p. 168) This concept differs little from the von 
Hoxst-Lorenz- TINBERGEN theory of hierarchically organised nervous 
centres which are supposed to produce internal stimuli. The resem- 
blance goes even further; for example, the goal of an instinct is defined 
as “‘the act towards which the instinct tends’, i. e. a consummatory 
act (Ges. Werke V, p. 34; Stand. Ed. VII, p. 136). 


Six major points in FREUD’S theortes 


Now let us consider some major points in FrEup’s doctrines bearing on 
the problem of hierarchy of instincts. 

1. During the initial stage of their development, subordinate in- 
stinctive drives are on the whole neither elicited by a specific object (i.e. 
a person or class of persons) nor directed towards a specific goal (‘‘Ziel’’, 
i. €. aconsummatory act). In the beginning these instinctive urges only 
represent rather unshaped and uncanalised amounts of nervous energy, 
the sources of which are largely aroused in connection with (‘in An- 
lehnung an’’) vital bodily functions to which these sources are attached. 
(Anaclitic type of instinct development.) For example, non-sexual food 
sucking in a baby promotes the first arousal of libidinous (‘“‘sexual’’) 
oral drives. (Cf. “‘priming”’ and similar processes dealt with in Chapter 
IV, § 3, of the present paper.) Other subordinate instincts, however, 
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mature spontaneously without being aroused by stimulating factors. 

2. During the following stage of their development all these subord- 
inate instincts become more or less irreversibly conditioned to an ob- 
ject (“‘object-finding”’ or ‘‘object-choosing”’, a process identical to “‘im- 
printing” in ethological terminology) and they find a motor outlet or 
goal by way of a satisfying activity. This development also proceeds 
often attached to other vital functions, i. e. according to the anaclitic 
type. Hence, due to her physical attentions, the mother represents the 
first sexual object for the child in the same way as the parent (or foster- 
parent) of a newly hatched gosling serves as its first sexual object. Thus, 
strictly speaking, according to FREup neither the objects nor the goals 
are assumed to be innate; although it is true they are in fact assumed to 
be largely preformed and predetermined by innate factors such as 
physical conditions, erogenous zones, primal phantasies, etc. Whereas 
object-finding in man can be paralelled to imprinting in animals, goal- 
finding perhaps finds its counterpart in such phenomena as have been 
described by Kuo (1931, 1938), PADILLA (1935), Hunt (1941), NIssEN, 
CHow and SemMEs (1951), BrrcH, and Riess (quoted by LEHRMANN, 
1953)- 

3. In general, different subordinate instincts mature, become con- 
ditioned and find their goals more or less independently of each other, 
and often at different ages (i. e. in different sensitive periods). This 
explains why normal infantile behaviour reveals many discrepancies, 
incongruities and aberrations, which fact gave rise to FREupD’s peculiar 
characterisation ‘‘polymorphous perverse”. Many students of animal 
behaviour have noticed parallel phenomena in mammals and birds. 

4. In later phases of development (initiated by further maturation, 
arousal and conditioning processes) low-level instincts unite into larger 
wholes under the governance (‘‘Primat’’) of higher level instincts. In 
these integrative processes the object and goal towards which a higher 
level instinct will be directed is for a large part built up by the charac- 
teristics of the objects and goals towards which the participating lower 
level instincts are directed owing to their previous development. In 
other words, translated into ethological terminology, the releasing sign 
stimulus and the consummatory act of a higher level instinct is for the 
most part built up by the adoption of the releasing stimuli and con- 
summatory acts of the lower level instincts which compose them, or by 
a recombination of elements derived from them!. The organisation of 
behaviour is so to speak built up from the bottom, step by step. (See also 


1 To some extent, however, a reorganisation and reconditioning of the participating 
lower level instincts may occur. Although these adaptive processes are of greatest im- 
portance to the therapeutic practitioner, it would take too long to digress upon them 
here. (See also Chap. IV, § 2.) 
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Kuo and Papitxta.) Moreover, whether a high level instinct will be 
aroused or not, may co-depend on the previous development achieved 
by its subordinate lower level instincts. (E.g. vaginal sexuality in women 
is aroused as a rule through the intermediacy of clitoris sexuality.) 
These phenomena, too, find their counterpart in Brrcu’s experiments 
with ‘‘Elizabethan ruffs” and Riess’ experiments preventing manipula- 
tion in rats (LEHRMANN 1953). 

5. If in this development the building stones appear not to fit each 
other or cannot be fitted in under the supremacy of the superordinate 
instinct, integration will fail and a developmental stagnation of fixation 
will follow. In such cases the controversial drives may continue to lead 
a more or less independent existence or they may be converted into a 
neurosis. Two types of fixation may be distinguished: fixation to an 
infantile object (e. g. a man who marries an elderly woman, i. e. a 
woman resembling his mother in some respects), and fixation to an 
infantile level of instinct organisation (e. g. a man who is unable to 
love the woman with whom he has sexual intercourse or to have sexual 
intercourse with the woman he loves). In most cases of fixation both 
types occur together and cannot be sharply distinguished. In animals 
the first type seems to be the common one, at least judging from im- 
printing experiments. The second type has been observed in herons as 
a result of an unintentional experiment which took place at the 
Amsterdam Zoo. Four herons were kept together in a small cage from 
about three weeks old until about six months old when they were 
pinioned and placed in a large enclosure together with some other 
herons, storks, cormorants and pelicans. During the ensueing years 
these four herons remained united in a “‘breeding quartet’’, probably 
consisting of three males and one female. They lived in perfect harmony, 
inhabiting one nest, and raised several chicks. Evidently the enforced 
relationship in the first six months of life caused them to maintain the 
type of sexual club-formation often observed in nest-companions before 
independence is attained (PoRTIELJE and KortTLanpt, unpublished). 
Other cases of fixation in animals have been described under the head- 
ing of “experimental neurosis” in American literature. (See also 
HOLZAPFEL, 1939.) 

6. From birth to full adulthood, development appears to proceed in 
an oscillatory course. Periods of progress alternate with static periods 
(“‘Latenzzeiten”’) and this sequence is correlated to the four main 
levels of instinct organisation mentioned above. Similar alternations 
have been observed in the development of animal behaviour by 


ira ethological terminology “‘imprinting’’ indicates both the process itself and its 
result whereas in psychoanalytical terminology the process is called object choosing or 
object finding and the result is called fixation, 
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Meryer-Hotzapre (1949) and Korrianpr (summarised in Chapters 
II and IV of this paper). There seems to be a definite relationship 
between hierarchical organisation and discontinuous development, but 
the reason why is not quite clear. 


Psychoanalysis and the study of animal behaviour 


In the conception of hierarchy summarised above, nearly all the prob- 
lems which students of animal behaviour are painstakingly dealing 
with, and also many other problems, were amalgamated by FREuD 
some fifty years ago into one comprehensive and coherent scheme of 
concepts. Such phenomena as object finding, goal finding, priming and 
hierarchy were considered to be closely interwoven. A student of animal 
behaviour who ignores all this will find himself in asimilar position to 
an atomic scientist who ignores ErnsTErn’s theory of relativity: in such 
a case ones basic theoretical knowledge is fifty years behind the times. 
Of course in this paper only those aspects of psychoanalytical theory 
which refer to our problem have been included here. With increasing 
knowledge of animal behaviour, however, we may expect an increase 
of points of contact between both sciences. Striking examples of this 
trend are found in the recent development of psychosomatic medicine. 
In this connection there is, however, one major difficulty. Psycho- 
analysis is not a pure but an applied science, mainly interested in 
therapy. Practitioners as a rule do not worry about such academic 
questions as to whether their science is an objectivist, subjectivist, or 
mixed one. Their main concern is how to cure their patients, and their 
system of scientific ideas is adapted only to this purpose. Therefore it 
requires a good deal of practical experience in psychoanalytical tech- 
nique before one is able to translate FREuD’s concepts into contempo- 
rary ethological language. This difficulty can only be overcome by a 
double training: either by training as a student of behaviour in psycho- 
analysis or by training as a psychoanalyst in the study of animal be- 
haviour. Neither of these sciences can be learned from books only. 
Generally speaking, FrEup’s psychological theories can be consid- 
ered to be an objectivist science as far as they are dealing with uncon- 
scious processes, for per definilionem unconscious phenomena are just the 
contrary to subjective (i. e. introspective or mental) phenomena. At 
least Freup has left no doubt that instinctual drives cannot be fruit- 
fully studied by introspection and that his concept of instinct was ulti- 
mately intended to be a physiological notion, even if such a physio- 
logical notion might have an “‘as if” quality! (Ges. Werke V, p. 118; X, 


1 In this context it must be remembered that Freup was a prominent neurologist for 
twenty years before founding psychoanalysis. He wrote thirty papers on neurological 
(see cont. p. 162) 
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pp. 218-219; Stand. Ed. VII, p. 216). On the other hand, however, the 
operating of these instinctive forces is assumed to be aroused, modelled 
and re-modelled by pleasure (German: Lust) which clearly is an intro- 
spective concept. FRrup’s theories are carried by a dualistic approach 
towards human nature. Further, the difficulty remains that psycho- 
analytical knowledge of instincts in man has been largely gained through 
the use of introspective techniques and therefore this knowledge cannot 
be transferred just as it stands into objectivist thinking. It is beyond the 
scope of this paper to follow up this point, as it would also be to enter 
into a critical examination of the system and number of instincts as- 
sumed by Freup. It may be remarked only that investigations on 
animal behaviour may sometimes clarify those points in psychoanalyt- 
ical theory which until now have remained rather obscure, e. g. the 
relationship between ‘‘sex’’ and “‘love” (KORTLANDT 1949). 


Agreement and disagreement in other fields of research 

Fifty years have elapsed since the first edition of the ‘“‘Drei Abhand- 
lungen zur Sexualtheorie”. During this period FREup’s conception has 
been discussed, tested, reconsidered, revised, contested or rejected from 
many sides. It has exerted great influence not only in FREup’s followers, 
including some heretics among them, but also in his opponents. In the 
first category the psychoanalyst and investigator of ants R. BRuN (1926) 
may be especially mentioned because he seems to have been the first 
to use the term: “‘hierarchy of instincts’. 

Several points in FREup’s views are still subject to much controversy 
but on the whole, those features which have been summarised above 
in points 3, 4 and 6 have found fairly general acceptance, not only among 
psychotherapeutists but also among those who for the most part reject 
FRreEup’s theories. In other words, the idea that in man there exists a 
hierarchically organised driving system and that this system develops 
by ascending stages during ontogeny is a current one in present-day 
psychology, at least on the Continent of Europe. This fairly general 
acceptance may beattributed toa large extent to the fact that investig- 
ations outside the area of psychoanalysis have led to conclusions of a 
similar kind. 

From the neurophysiological side the idea of hierarchy was supported 
by the then famous Swiss neurologist von Monakow who launched an 
interesting theory on instinct organisation in which points 3, 4 and 5 


(cont. note p. 161) 


and allied subjects, and continued to think in neurological concepts throughout his 
life (SPEHLMANN 1953). Moreover, Freup was “‘above all a biologist” as was recently 
stated by Rimxg, President of the World Federation for Mental Health, in his com- 
memorative speech at the unveiling of the FREup memorial in Vienna. 
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were summarised as the principle of ‘‘développement en briques’’. 
(Stone-by-stone development, or ascending development, or isolated 
development followed by ascending integration; see especially von 
Monakow and Mourcue 1928.) Ontogenetic development of behav- 
iour was recognised to follow a cyclical or, more precisely, spiral course, 
in which disintegrative phases lead on to subsequent phases of inte- 
gration at a new, higher and more comprehensive level than previously 
attained (MAEDER 1925, RUMKE 1933). 

From the point of view of non-psychoanalytical child psychology, 
ideas of a similar tenor as points 3, 4 and 5 summarised above, were 
introduced by CHARLOTTE BUHLER (1928) in her ‘‘Phasenlehre’”’ (the 
doctrine of development in phases) which was based upon extensive 
observation work by means of objectivist (i. e. ethological) methods. 
She found that child development proceeds from performance games 
(resembling vacuum-activities), via construction games, to task setting 
behaviour, which process follows an ascending course. Convergent 
lines of thought were applied in the educational system of Marta 
Mon Tessort in which during education the organisation of behaviour 
is deliberately built up from the bottom, step by step and phase by 
phase, thereby making use of sensitive periods in order to model the 
constituent parts in such a way that they would fit together when being 
integrated later into a whole. Other authors produced analogous 
ideas (e. g. GESELL 1954). Apparently the notion of ascending de- 
velopment has been a fruitful one. 

All these trends of thought state more or less the contrary of the well- 
known principle of Cocuiit: ‘‘Behaviour develops from the beginning 
through the progressive expansion of a perfectly integrated total pat- 
tern and the individuation within it of partial patterns which acquire 
various degrees of discreteness’”” (COGHILL 1929). In Cu. BUHLER’s 
writings for example, the differentiation of mechanical and logical 
memory proceeding at the age of twelve years seems to be the only 
case of a Coghillian type of development described by her. Evidently 
in Continental Europe the scientific views summarised above found a 
breeding ground well prepared by the Hegelian philosophy with its 
slogan ‘‘thesis—antithesis-synthesis’’ and by a political history leading 
cyclically onward. Further the idea of organisational levels has been a 
common notion from ARISTOTLE in the past to the philosopher Max 
SCHELER (1930), the psychologist RorHackER (1941) and the neurol- 
ogist GOLDSTEIN (1934) in the present. In England on the other hand, 
with its Darwinian antecedents and its tradition of more gradual 
social and political evolution, Coghillian ideas could apparently more 
easily take root. 

There have been, however, in Continental scientific thinking, in- 
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fluential counter-trends as well. During the inter-war years the prin- 
ciple of Wholism (Ganzheit) became a dogma that was almost un- 
shakable. Such a climate was not conducive to the idea of ‘‘développe- 
ment en briques’’. Consequently the developmental psychology of 
H. WERNER (which can be considered to be an extension of the Coghil- 
lian principle) gained much influence and considerably hampered and 
retarded full appreciation of the far reaching bearing of the develop- 
mental principles discovered by FREup, von Monakow, Cu. BUHLER 
and others who, along different lines of research, had come to essential- 
ly the same conclusions. Nevertheless the idea of ascending develop- 
ment gained adherence. 

The present situation in Continental psychology seems to be that 
most psychotherapeutists and the majority of child psychologists have 
accepted the essential features of FREuD, voN Monakow, CH. BUHLER 
and similar conceptions with regard to ontogenetical development of 
the organisation of behaviour, even including those psychiatrists and 
and psychologists who reject many other aspects of psychoanalytical 
theories. It would be difficult indeed to imagine Continental psycho- 
logy and psychiatry without the general idea of a hierarchical con- 
struction process during ontogeny of the driving forces. In Holland at 
least, the doctrine according to which psychological development in 
man proceeds in stages during which independently maturing instincts 
build up a hierarchical organisation by successive steps of integration, 
has become a generally accepted item in the curriculum for students 
of medicine, psychology and social case work. Hierarchy and the prin- 


ciple of ascending development is no longer a theory; it has become a . 


generally recognised fact, at least in modern developmental psychology. 
It is interesting to realise that this conclusion has been arrived at as a 
result of objectivist lines of approach and not by introspection. We will 
return to this point later (pp. 167 and 185). 


Il THE IDEA OF BIERACHY IN CHORMIG  ANDICGDY NAS HG 
ANIMAL PSYCHOLOGY 


Another trend running through scientific thinking on the hierarchy of 
instincts starts with LLoyp Morcan, McDoucGa.L1, SHAND and some 
other English and American authors. This trend will be considered 
now and it will be seen that although the idea of hierarchy was con- 
ceived, the bearing of this principle has not been fully recognised owing 
to much confusion over the word “‘instinct” and its subsidiary attributes. 

Some of the authors indicated above preferred to use the word ‘‘in- 
stinct” or “‘drive”’ in order to denote the high level driving forces in the 
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organisation of instincts (e. g. food-seeking instinct, parental instinct, 
mating instinct, gregarious instinct, and so on; totalling about twelve 
or fourteen or even eighteen instincts according to McDoucaLt, 1908, 
1923, 1932). Other authors, however, e. g. SHAND, preferred to use the 
word “‘instinct”’ or ‘‘drive”’ to designate the innate motor patterns, i. e. 
the lowest level in the innate organisation of behaviour. Hence the dis- 
tinction between ‘“‘major”’ instincts or drives and ‘‘minor”’ instincts or 
drives which was introduced and in which the major instincts were 
supposed to be driving agents or propensities and the minor instincts 
were thought of as being driven. In this terminology the word instinct 
had a twofold meaning, at one time referring to the propelling forces 
and at the other referring to the innateness of behaviour patterns. At 
first glance the terms major and minor seem to suggest a hierarchy 
but this impression would be wrong. In some cases, however, the minor 
instincts were assumed to be driving agents as well, similar to the so- 
called Erbkoordinationen described by Lorenz, and in these cases a 
hierarchy of driving forces was assumed. It was indeed a rather con- 
fusing matter. 


Lioyp Morcan’s conception of hierarchy 


Still more confusion was created when LLtoyp MorGan (1920) made a 
distinction in instincts of six different levels. At the highest level only 
two “‘instincts’? were recognised: self-preservation and race-mainte- 
nance. It will be clear that at this level the word “‘instinct”’ has only a 
classificatory connotation with regard to the biological functions or teleo- 
logical purposes of behaviour and that it does not refer to the organi- 
sation of driving forces inside the organism. 

The second, third and fourth level instincts, taken together as “‘mid- 
level instincts” in LLoyp Moraan’s terminology, “‘are those with which 
many writers on instinct, Dr. McDouca.u for example, almost ex- 
clusively deal”, as it is stated explicitly in LLoyp Morcan’s paper 
(p. 277). Now, in McDouca..’s terminology, instinct means driving 
agent. Hence the word “‘instinct”’ in mid-level instinct according to LLoyp 
Morcan has quite a different connotation from that in high-level in- 
stinct: for this time it ‘‘means a larger instinctive whole within which 
contributory instincts of a simpler kind are incorporated” or “‘organ- 
ised’’ (loc. cit., p. 273). Evidently Lroyp Morean has recognised 
here a hierarchical organisation of ‘‘mid-level instincts” on three 
levels, and in this context hierarchy of ‘‘mid-level instincts” means 
essentially the same as hierarchy of “‘instincts’” (or centres) according 
to the concepts of contemporary ethology, in view of the fact that 
McDovucatv’s concept of instinct implies a propelling force and there- 
fore may be regarded as equivalent to the ethological concept of instinct, 
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or centre, at least as far as hierarchy in the driving system is concerned}. 

An interesting point is that LLoyp Morean illustrates his argument 
with a description of bird behaviour taken from Howarp in which 
Lioyp Morean (perhaps without sufficient grounds) thought to find a 
description of the actual driving system. LLoyp Morean therefore 
seems to have been the first to recognise hierarchical organisation of 
instincts in animals other than man, but he did not take the trouble 
(or had no means available) to prove his thesis by means of detailed 
analytical research. 

The “‘fifth level instincts’? according to LLoyp MorRGAN’s enumera- 
tion are ‘‘the primitive instinctive responses as normally elicited by 
adequate stimulation’’. Evidently in this category of instincts no en- 
dogenous reaction-specific stimulus generation (as it would be called 
in contemporary ethological terminology) is postulated, which makes 
a difference from the ‘‘mid-level instincts’ which do generate drives. 
For the rest, the ‘‘fifth-level instincts” are supposed to be subordinate to 
and driven by the fourth level instincts. Hence the ‘‘fifth-level instincts” 
are identical to McDouGALt’s concept of ‘“‘motor mechanisms’’: tools 
in the hands of the driving instincts. (Cf. Fig. gb, p. 213.) 

Finally the sixth level in the scheme consists of the reflexes which 
are supposed to combine in the “‘primitive instinctive responses”’ but 
with regard to which LLtoyp Moreaw states that “‘nothing need here 
be said”’ and for the rest refers to SHERRINGTON’s works. 

It appears that LLoyp MorcGan’s ideas on hierarchy have met with 
little response. This may be partly due to the confusion which was 
aroused as a consequence of his use of the word “‘instinct’’ in three or 
even four different connotations. The resuits of this confusion persisted 
for a long time. (See HoLmEs 1922; BIERENS DE HAAN 1940, pp. 81- 
88.) Further, the lack of analytical interest among animal psychologists 
at that time was not conducive to specific research on hierarchy and, 
moreover, the then prevailing opinions on decency seriously hampered 
the introduction of psychoanalytical concepts on hierarchy into general 
psychology and animal psychology. 


McDouca.y’s linkage of instinct with emotion 


There seems to be, however, a still further reason. In McDoucGAtt’s 
books one can find quite a large number of hesitations and contradic- 
tions especially on this point, but ultimately he always rejected the idea 
of hierarchy. One gets the impression that this rejection is essentially 
due to a typical feature in McDoucatv’s definition of ‘‘instinct’’, viz. 


* Both concepts imply endogenous generation of motor impulses which in different 
situations may be discharged by different motor mechanisms. For the rest there are 
many divergences between these concepts. 
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the linkage of the objectivist concept of “‘instinct”” with the subjectiv- 
ist concept of “‘emotion”’ in his theories!. As a matter of fact, objectivist 
observation of behaviour very soon reveals the existence of a hierar- 
chical driving system. For example, everybody knows that a satiated 
dog may hunt as does a hungry dog (which fact McDoucatt knew too, 
as we shall see below). This circumstance suggests the existence of a 
hunting instinct hierarchically subordinate to the food-seeking instinct. 

In introspective psychology, however, the state of affairs is quite 
different: everybody knows what it means to be hungry, but nobody 
has ever heard of a specific ‘‘hunting emotion” in the strict sense of 
McDouvuGatv’s primary emotions; or at least it would be very difficult 
to detect the introspective emotional correlate of such a lower level 
drive. Apparently there exists no specific link between instincts and 
emotions: zstincts are hierarchically organised, emotions are not. In everyday 
life all activities which are driven by instincts lower than top-level are 
called “‘play” or ‘“‘games’’, thereby indicating that the major emotions 
are lacking. It seems therefore that (at least in man) the functioning of 
lower level instincts as a rule are not accompanied by instinct-specific 
emotions as defined by McDoucGa.L? and this may be the main reason 
why McDouca .t, in spite of obvious behavioural evidence, ultimately 
insisted on denying the existence of instincts lower than top-level, 
thereby at the same time denying the existence of a hierarchical or- 
ganisation of instincts. Instead of this, the hunting behaviour of satiated 
animals was interpreted as “‘play”’ and ascribed to an unspecific surplus 
of nervous energy according to the theory of SPENCER. (McDouGALL 
1923, pp. 171 and 21g.) At the cross-roads between objectivist and sub- 
jectivist criteria McDouGa.z ultimately chose subjectivism, and there- 
fore failed to recognise hierarchy. 


When leaving out of consideration classificatory intended groupings of 
instincts according to functional or teleological points of view, it seems 
that Groos (1930, pp. 38-42) and PorTIELJE (1938, pp. 219-220) were 
the first animal psychologists of the McDoucatr school who, after 
Lioyp Moreav, reintroduced the notion of hierarchy, conceived as a 
hierarchy in the organisation of driving forces in the animal. Both 
authors, however, remained too much addicted to the McDouGaALi 
linking of the objectivist conception of ‘‘instinct” and the subjectivist 
conception of ‘‘emotion’”’ and in consequence their ideas on hierarchy 


1 According to McDoucatu’s definitions an instinct (or propensity) is a psycho- 
physical disposition inducing at the same time a specific purposive activity and a spe- 
cific emotional excitement. 

2 According to his definition, pleasure and pain (German: Lust and Unlust) are not 
primary emotions but accessory phenomena. 
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have never been worked out in a clear-cut form. In PorTieLje’s book 
and other writings the false hunting of satiated predatory animals and 
similar activities have been ascribed both to a subordinate hunting 
drive and to a general surplus of energy without making a definite 
choice in favour of one of these two explanations. 


PorTIELjE’s concept of differentiation 


PortIELJE has, however, paved the way for the concept of hierarchy in 
a different manner. From 1927 onward, all his papers give considera- 
tion to the so-called ‘“‘differentiation”’ of drives and emotions (drives 
and moods in ethological terminology). According to his view, onto- 
geny and seasonal maturation in animals are differentiation processes 
during which the objects, goals and emotional qualities are at first 
rather vague and undetermined but gradually become more and more 
definite, diverse, clear-cut and purposive. Further, apart from matura- 
tion, at a given moment a drive or urge may be now more now less 
differentiated. In this way the word differentiation is used in another 
connotation than by McDovucatt who uses it only to indicate the split- 
ting up of one instinct into two instincts in the course of phylogeny. 

It will be clear that these ideas suggest a hierarchy of generalised, 
respectively specialised, internal states (emotions or moods) in the ani- 
mal, as was conceived in later years by BAERENDs and TINBERGEN. (See 
Chap. III.) As a description of actual behaviour, PoRTIELJF’s term 
‘‘undifferentiated emotion’’ can be considered to be almost a synonym 
for “‘high level mood”’ in ethological terminology. In this respect it 
was PorTIELJE who pointed the way to the ideas on hierarchy which 
have subsequently been devised by his countrymen. 

Another feature is that PoRTIELJE’s ideas show a clear relationship 
to those of CoGHILL discussed above because both writers assume a 
gradual differentiation in the course of ontogeny. On the other hand, 
PoRTIELJE’s conception is, at the same time, reminiscent of the views of 
FREUD, von Monakow, Cu. BUHLER, etc., in so far as the term differ- 
entiation implies both an increase of selectivity with regard to the re- 
leasing situation and an increase in purposiveness with regard to the 
mode of behaviour during ontogenetical development. There is, 
nevertheless, a divergence between these writers: whereas according 
to Freup, von Monaxow, and Cu. BuuLer these ontogenetical 
processes follow mainly an additive and integrative course, according to 
PorTIELJE their course is mainly differentiative. For the rest von 
Monakow’s principle of “développement en briques”’ is recognised by 
PoRTIELJE as well under the term “‘integration’’, but in his account it 
is estimated to be of less importance than differentiation. 

In Chapter I we have seen that emphasis on the differentiative type 
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of development is not conducive to the discovery of hierarchy, for 
reasons expounded there. Anticipating what will be said further on in 
this Chapter we may say here that a differentiative type of develop- 
ment during ontogeny does not as a rule lead to a hierarchical type of 
instinct organisation, whereas an integrative type of development as a 
rule does. ‘Therefore it would seem that Portie1je’s emphasis on 
differentiation and wholeness, as well as his attachment to the McDouc- 
ALL linking may have prevented his recognising the full implications 
of the principle of hierarchy. For the rest it remains to his credit that 
he drew the attention of his countrymen to these problems and also 
that he was the first writer after Brun who tried to bridge the gap 
between medical and animal psychology. The fruitfulness of the latter 
point will be considered later on in this paper. 


Eerarchy of ‘‘appetites” as defined by KoRTLANDT in 1940 

Enlarging on PortTieLje’s findings, his pupil KorTLANDT (1940 a, b 
and c) found evidence of a complicated hierarchical organisation in 
the behaviour of European cormorants. In his account the term ‘“‘in- 
stinct’’ was avoided because it was so confusing. Two hierarchical 
systems were distinguished: a driving hierarchy of so-called ‘“‘appetites”’ 
(needs or wants, German: Bediirfnisse) and a discharging hierarchy of 
‘“‘propensity dispositions’ (German: Triebdispositionen). Moreover, 
parallel to the first system a system of ‘‘emotions” (Affekte) was 
postulated, and these emotions were assumed to be subjective correlates 
of activated appetites. In other words, appetites and propensity dis- 
positions must be taken as objectivist concepts designating two dif- 
ferent kinds of instincts or behaviour mechanisms, whereas emotions 
must be taken as subjectivist concepts indicating the “‘inner”’ or “‘men- 
tal” state of the animal. With regard to the propensity dispositions no 
subjective correlates accompanying activation were assumed. 

In this peculiar dualistic conception the McDoucatt link between 
instinct and emotion was maintained as far as appetites were concerned 
but rejected as far as propensity dispositions were concerned. Further, 
in contrast to McDoucAtL, when at the cross-roads between object- 
ivist and subjectivist animal psychology, KorTLANDT attached primary 
importance to objectivist criteria. He thus recognised hierarchy and 
consequently was compelled to assume a corresponding hierarchical 
system of emotions although as a matter of fact in introspective human 
psychology no evidence can be found in favour of such a hierarchy of 
primary emotions. As a further consequence, emotion was redefined 
in such a way that it could be conceived also as an objectivist concept, 
viz. as a co-ordinating force. 

In the writer’s opinion to date, the ‘theoretical considerations ex- 
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pressed in his papers of 1940 and summarised above were a fallacy. ‘The 
observational facts, however, remain unaffected and may be inserted in 
a revised theoretical setting in which the McDovueatt link would be 
cut through and in which the concept of emotion will be left out of 
account. In the present paper the hierarchy of appetites will be dealt 
with because it may be considered to be, so to speak, “‘true hierarchy” 
whereas the system of propensity dispositions may be called a “‘false 
hierarchy”’. 


Inference of hierarchy from ontogeny and maturation 


Considering that the original papers were published partly in Dutch 
and partly in German, it seems justifiable to introduce the subject with 
a translation of some passages quoted from KorTLANDT (1940 a, pp. 
389-393) in which the essential observational facts are given. To com- 
mence with, a definition will be given and then the quotation will pro- 
ceed with a description of cormorant behaviour. 


“If we observe that an animal is striving towards a goal and in doing so demonstrates 
in its behaviour an adaptive variability in such a way that the variations serve a pur- 
pose, then we aresure that we are dealing with the expression of an appetite which needs 
satisfaction}, 

The first system of appetites to be considered in the cormorant is nesting. Why does 
a cormorant build a nest? A simple question but not so simple to answer. 

In consequence of spontaneous maturation, ontogenetical development of nest- 
building proceeds as follows: At an age of 2 weeks the young bird now and then (but 
still only rarely) performs the so-called twig-quivering with a twig held in the bill. 
As the bird gets older this movement, a very characteristic trembling movement, is 
performed more and more often, and, at the age of 5 weeks, a new element appears: 
while twig-quivering, the young bird will make jabbing and pressing movements, side- 
ways and downwards, which it continues to do until the twig gets fastened in the nest.? 
The bird is very persistent until the twig is firmly fixed. At a still later age, the young 
birds collect twigs while walking and climbing in the vicinity in order to insert them 
in their own nest®, or they do the same with twigs which are brought to the nest and 
handed over by their male parent. So now we understand the biological meaning of 
twig-quivering: it is owing to these little jabs and pulls that the twigs become entangled 
in the material of which the nest consists and are thus caught in more securely. 

At the beginning of this development the young bird is not interested in the outcome 
of its twig-quivering. It quivers only at random, so to speak, or, to be more precise, at 
that age twig-quivering is not yet directed towards a goal; it is a goal in itself and an 


* Annotation 1954: Elsewhere in the original paper (pp. 389, 393, 397) it was laid 
down that the goal by which satisfaction can be attained may be either a consum- 
matory act or a consummatory situation, according to the nature of the particular 
appetite. 

® Addition 1954: According to data which have been worked out since then, the age 
at which this behaviour appears ranges normally from 4 to 5 weeks. (In one individual 
case 16 days, in another case 25 days.) 

* Addition 1954: The age at which this more elaborate building behaviour develops 
is about 6 or 7 weeks. 
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expression of the quivering appetite as such. From an age of 5 weeks and onwards, 
however, the twig-quivering is used as a means towards a goal, viz. to fasten twigs into 
the nest. If after longer or shorter working the twig sticks fast then the goal is attained 
and the appetite for fastened twigs is satisfied. (Addition 1954: in other words, quivering 
and jabbing then cease.) When nesting, a cormorant cannot bear a twig to be loose and 
if necessary it will pull the loose twig out of the nest and put it back again more firmly 
by industriously quivering. In doing so, it satisfies not only the appetite for the twigs 
being fastened in its nest but it also satisfies the quivering appetite, which was revealed 
in the immature behaviour of the bird of 2 weeks old. Thus we here discover two 
appetites, the one so to speak included in the other, for the pursuit of the goal of higher 
order (i. e. the fastened twig) is done by achieving the goal of lower order (i. e. quiver- 
ing as a purpose in itself). This phenomenon I would chose to call ‘‘concentric pur- 
posivenesses”’ considering that twig-quivering is a less comprehensive purpose, whereas 
the twig being firmly fastened is a more comprehensive purpose, or a purpose of higher 
ordert. 

This distinction can be extended still further. When commencing reproduction a 
cormorant will try to acquire a nest in various ways, e. g. by building one, and also by 
other means. This is always done in such a manner that the means chosen appropriate- 
ly serve their purpose. The facts are as follows: 

In spring many cormorant males take possession of an old nest and then seek to 
attract a female. During pair formation and for some time afterwards, these males 
bring nesting material and repair their nests. When all old nests have been claimed and 
still more males arrive in the colony, there is sometimes fierce fighting for the possession 
of a nest. Evidently, in males, the appetite for owning a nest is active soon after their 
arrival in the breeding colony. Those males for whom old nests are no longer available 
willsettle in the crutch of a branch and there solicit for a female. The females ready to 
mate show a distinct preference for the most active male in sexual and nesting be- 
haviour, irrespective of whether he owns a nest or is settled in the fork of a branch. 
This indicates that at this time the females have not yet developed an appetite for 
owning a nest. 

If the female courts, accepts and finally “‘marries” a male in a forked branch, the 
male will bring nesting material and together they will try to build a nest. Such males 
will bring much more nesting material than those which have occupied an old nest. 
Evidently the appetite for owning a nest impels the male to greater nesting activity.? Often, 
however, building operations fail because the chosen forked branch is unsuitable. 
In some cases such a pair will try to raid and capture a neighbouring nest, which may 
lead to a general fight with all the nestless birds joining in. Further, if building con- 
tinues to fail, the female eventually will also collect nesting material, thus giving evid- 
ence of having acquired an appetite for owning a nest. Moreover she becomes less 
faithful to her mate and finally, when she is about to lay, she will leave him and pair 


1 Annotation 1954: In his unpublished notes written before 1940 the present writer 
actually did use the term “‘hierarchy”’, possibly on PorTIELJE’s suggestion. In 1940, 
however, being unaware that this term had already been used by R. Brun, he de- 
cided to abandon the term “‘hierarchy”’ and to introduce the term ‘“‘concentricity”’ 
instead of it, in order to indicate that a minor system is incorporated or organised 
within a major system, and a minor goal within a major goal, and also in order to 
avoid more definite implications. At this present time, however, the rather awkward 
expression “concentric purposiveness”’ should be dropped and replaced by “hier- 
archical appetites’’, or hierarchically organised appetites. 

2 Addition 1954: This appetite is assumed to be directed towards a consummatory 
situation and not towards a consummatory act. 
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with another male, viz. a male that does own a nest. She therefore ‘‘marries” for a 


home and not for a husband! 
Thus far we have found that the male, from his return to the colony onwards, tries 


by various means to obtain the possession of a nest; but this does not apply to the female 
until she becomes broody. (Addition 1954: After the completion of the nest there is a 
marked drop in building activities and building is only resumed if the nest proves 


faulty owing to decay.) 

It appears, therefore, that both sexes may use purposive fastening of twigs as a 
means to a goal of still higher order, viz. to obtain a nest and thereby satisfy the appe- 
tite for owning a nest. At an earlier age the goals of twig-quivering were the quivering 
movement in itself and the twig being firmly fastened; but now the goal of fastening 
twigs is, at the same time, to own a nest. Hence, by pursuing the goal of the highest 
order, the two goals of lower order are attained at the same time. To summarise, we may 
conclude that the ontogeny of the nesting behaviour system in the cormorant reveals 
three concentric purposive systems. The possibility of this analysis is due to the fortun- 
ate circumstance that the different concentric purposive systems mature successively.” 


At this point the quotation may be interrupted in order to review the 
factual contents of the statements that have been made. It will be clear 
that the type of behaviour organisation described above is essentially 
an organisation of goals or purposes towards which the animal is assumed 
to strive. There is nothing mysterious about this. A “‘goal’”’ is either the 
performance of a specific activity (consummatory act) or the presence 
of a specific external object or situation (consummatory situation) 
which causes the ending of a variable sequence or series of activities 
(instrumental acts, or appetitive behaviour) leading to this particular 
activity or situation. No subjectivist or vitalistic implications are made. 
It appears that these goals are arranged in three levels that successively 
mature and integrate during ontogeny and seasonal maturation ac- 
cording to the principles described by FREup, von Monakow and 
BUHLER, and further it appears that the pursuit and attainment of a 
lower level goal may or may not be used as a means to an end in order 
to attain a higher level goal towards which the animal is striving. In 
other words, one and the same activity may at the same time function 
as a consummatory act (at its own level) and as an instrumental act (at 
its next higher level). 


Two aspects of hierarchical arrangement 


Of course, levels do not yet imply the existence of a true hierarchy, for 
in common speech the notion of hierarchy presupposes a branched 
system. This feature is considered more in detail in the following further 
analysis quoted from KorTLANpT 1940a (pp. 393-394). 


‘It is often argued that, from an objectivist point of view, a “goal” cannot be a 
““cause”’ and therefore cannot be taken into consideration in an objectivist science. 
This opinion is fallacious. A goal is a “‘cause”’ indeed, not of a beginning but of an end- 
ing. In this strict sense a goal determines the preceding: it determines the continuation 
of a process. 
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“In many cases the appetite of higher order can be aberrantly satisfied by means of 
an experiment made in such a way that, at the same time, the satisfaction of the lower 
order appetite is prevented and in consequence continues to manifest its effect on be- 
haviour. There is no need to do this in a laboratory; nature may be said to experiment 
as well. If, for example, a pair of cormorants settle down at an old nest which is still 
in a good state, then the highest order appetite (i. e. the appetite for owning a nest) 
is satisfied without any nest-building. Nevertheless in that case the male still appears 
to bring and fasten (or to have it fastened by his female) quite a lot of nesting material, 
although it is only a little quantity compared to what is brought by a nestless male. As 
arule these twigs are handed over to the female and fastened by her. If, however, she 
momentarily “‘has no mind” to do so, then the male will do it himself, thereby indicat- 
ing that at that moment his goal is not fastening, nor handing over, but that the twig shall 
be fastened in tight. So the question is, since everything was firmly fastened before he 
flew away, why did he bring a twig? There is no other possibility than to postulate yet 
a fourth appetite, viz. the appetite for bringing twigs. This appetite occurs practically 
only in the male cormorant. Thus the four appetites with regard to nesting are: the 
appetite to quiver, the appetite for fastened twigs, the appetite to bring twigs, and the 
appetite to own a nest. (Addition 1954: Bringing twigs cannot be considered appetitive 
behaviour serving to release quivering, for a cormorant in a specific quivering mood 
will quiver as well with twigs that are firmly stuck. Moreover, the bringing is done asa 
rule by the male and the inserting by the female.) 

Further, of course, the bringing of a twig is not a means to ensure that the twigs 
should stick tight and in this respect it differs from quivering. Therefore we do not find 
here two appetites (goals) one of which embraces the other, but two appetites (goals) 
which are arranged beside each other as indicated in Fig. 1. 


Appetite for Appetite for 

fastened twigs owning a nest 

Appetite for Appetite for 

quivering bringing twigs 
Pig. 


Some comments and conclusions 


Thus far the original paper has been followed, apart from some minor 
abridgements, but today Fig. 1 would of course be drawn in another 
way, viz. as represented in Fig. 2. However, from the point of view cf 
neural localisation there seems to be no special reason to suppose that 
Fig. 2 would be more appropriate than Fig. 1, because we do not know 
the nature of the neurophysiological basis of hierarchy. One might 
imagine the possibility that the hierarchy of appetites is based upon a 
hierarchy of hormones or other differentiated physiological conditions 
rather than upon a hierarchy of nervous centres. 

It will be clear that the hierarchy which has been drawn in Figs. 1 
and 2 represents only a hierarchy of appetites, i. e. essentially a hier- 
archy of goals (or consummatory acts and situations) towards which 
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the animal appears to strive by means of different and variable forms 
of appetitive behaviour (as it would be called in contemporary etho- 
logical terminology). In other words, it is not intended that these Figs. 
Appetite for 
owning a nest 


Appetite for Appetite for 
fastened twigs bringing twigs 


Appetite for 
quivering 


Bigaee, 


should represent a hierarchy of appetitive behaviour patterns. For this 
reason the attempts at robbing (‘‘raids’’) which are made by nestless 
cormorants in order to acquire a nest have not been inserted in the 
diagrams, as it is assumed that in the cormorant there is no evidence 
for the existence of a special sub-appetite for raiding inhabited nests. 
Raiding is only a tool, a means to an end, an instrumental act, not a 
goal in itself. It is only appetitive behaviour. The same applies to other 
aggressive ways of acquiring a nest. Twig-quivering and bringing twigs 
on the other hand are consummatory acts in themselves as well as in- 
strumental acts (1. e. appetitive behaviour) towards a higher level goal, 
and therefore the appetites corresponding to them have been inserted. 
For some purposes it might be clearer if appetites as well as motor 
mechanisms serving the satisfaction of them could be represented in 
one diagram, and this might be done by indicating such a motor 
mechanism by a small dot. In this way, according to the description 
quoted above, the following scheme of nesting behaviour in the male 

cormorant is obtained: (Fig. 3) 
Appetite for 


owning a nest 


Appetite for 
fastened twigs 


Appetite for 
quivering 


Handing twigs 
over to 9 


Fig. 3. The nesting system in the male cormorant 
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With regard to the female cormorant the picture is somewhat differ- 
ent. As indicated above, the female becomes interested in the presence 
of a nest not earlier than when she becomes broody, i. e. when false- 
incubating starts. Before that time, if there is no nest, she will neither 
bring twigs nor change her mate for a nest-owning male!. Moreover, 
after the young have fledged or prematurely left their nest by climbing 
or walking, territorial defence on the part of the female will cease 
whereas the male will continue it. Evidently in the female there exists 
no independent or autonomous appetite for owning a nest. Her acting and 
striving towards the possession of a nest is only appetitive behaviour 
subordinate to the appetite for incubating eggs and caring for chicks, 
i. e. parental behaviour. She does, however, insert and quiver twigs 
during the preliminary period when she is still uninterested in the pres- 
ence or absence of a nest, just as she did when she was 5 weeks old. 
Therefore in the mature female the scheme can be drawn as follows: 


(Fig. 4) 


Parental 
appetite 


Appetite for 
being paired 


Appetite for 
fastened twigs 


Appetite for Receiving 


quivering twigs from d 


Fig. 4. The parental system in the female cormorant 


In the male, on the other hand, there seems to exist no special connec- 
tion between the parental appetite and the appetite for owning a nest: 
both appetites are top-level ones and the appetite for a nest is not 
subordinate to the parental appetite. 

Following this way of reasoning, according to the papers of 1940, 
the top-level appetites with regard to reproduction as recognised in the 
mature cormorant were: 

In the male: the appetite for owning a nest, the appetite for being 
paired, the appetite for cloacal contact, the appetite to incubate and 
the appetite for the care of the young. 


1 Except in special cases which are not to the point here. 
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In the female: the same, except for the appetite for owning a nest. 

(Annotation 1954:) At the present time this picture can be largely 
maintained. There are still no reasons to postulate a “‘reproductive 
appetite’, i. e. a reproductive instinct as postulated by some recent 
authors; or, if such an instinct occurs, it can be attributed exclusively 
to the female. Further, we must assume that in the female the appetite 
for being paired becomes integrated under the control of the parental 
appetite and thereby loses its autonomy or independence as soon as, in 
the course of the breeding cycle, the parental appetite comes into ac- 
tion. Thus the female represents a more centralised type of organisation 
than the male. In bisexual females the bringing of twigs should be re- 
presented by a circle instead of a dot in Fig. 4. Finally we must assume 
that in males and females, incubating and rearing the young are not 
expressions of different appetites but represent phases, or sets, or “‘gar- 
nitures”’ (KORTLANDT, 1949) belonging to one single parental appetite. 


Further consideration of ontogeny 


After this digression we will return to the original paper in order to 
study in more detail the ontogeny of nesting behaviour (19404, pp. 


398-399, abridged). 


“On attaining the age of one year, cormorants as a rule return to the colony in 
April or May. They then show some appetite for a nest, but as nearly all the nests are 
occupied by breeding pairs or young, the one year old birds are thus forced to attempt 
raids on nests containing young birds whose parents are absent. If the attempt is suc- 
cessful the chicks will be thrown out and the raider will spend some time at the nest, 
and will then fly away satisfied. 

Probably these raiders are all males. Only very exceptionally do they perform nest- 
ing activities (i. e. bringing or inserting twigs, or quivering). The question now is: why 
do these nest wanting birds not start building a nest, since they are able to build? Here 
we find a case in which an animal is unable to use an activity for the higher order purpose 
which it is intended to serve, although this activity is potentially present in the animal.” 
(Annotation 1954: The potential presence of the activity was assumed because when 
about two months old the young cormorant did build, insert and quiver; and, more- 
over, when one year old, displacement-quivering still occurs. In the original paper a 
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Fig. 5. Ontogeny and maturation of male nesting behaviour 
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tentative explanation of these phenomena was given, but this explanation cannot now 
be maintained and may therefore be omitted here. See also Chap. IV,§ 4, p. 260.) 


The findings with regard to the ontogeny of male nesting behaviour 
as given in these quotations can be rendered now schematically in a 
series of diagrams: (Fig. 5) 

It must be emphasised that this scheme applies especially to males. In 
one-year-old females there is some evidence suggesting that the top- 
level appetite of nesting behaviour is already represented by the parent- 
al appetite, as may be inferred from false-incubating. Consequently in 
these females the appetite for a nest should be indicated by a dot in- 
stead of a circle. 

A similar type of ascending development was described in food- 
seeking behaviour, sexual behaviour, pair-forming behaviour (not to 
be confused with sexual behaviour!), parental behaviour, and also 
partly in the later development of fighting and threat behaviour!. (See 
also KORTLANDT, 1940b.) For example, food-seeking develops as indic- 
ated in Fig. 6. In this context it is an important point that the appetite 
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Fig. 6. Ontogeny of food-seeking behaviour 


for hunting and the appetite for munching fish can be kept largely un- 
satisfied by putting cormorants in a zoo and feeding them on dead fish. 
Then for the rest of their lives these birds will continue to perform 
false-hunting and false-munching on twigs and litter in just the same 
way as young cormorants do up to the age at which the connection 
between the appetite for food and the appetite for hunting matures 
(19404, p. 396). In nature, on the other hand, after maturation of this 
connection, these sub-appetites are always satisfied in the course of 
normal food-seeking. In other words the existence of a sub-appetite is 
discovered by setting up an experimental situation in which this sub- 
appetite remains unsatisfied. The principle is the same as explained 
above with regard to the influence on building behaviour exerted by 


1 The early development of fighting and defence follows another course which will 
be discussed later on in this paper (p. 183). 
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the presence or absence of a nest: If a superordinate appetite is satisfied 
in such a way that the accessory subordinate appetites are not also 
satisfied, the latter will remain to seek their own satisfaction". 

Another aspect of the same principle was stated as follows (1940 c, p. 464-465) : 

“If a particular activity is performed and its instinctive goal is attained, the ‘thresh- 

old’ (Schwelle, Lorenz) will be lowered, not only for this particular activity but also 
(in a lesser degree) for those activities which are directed towards the same or about 
the same goal. This phenomenon is very conspicuous in reproductive activities in the 
cormorant. Hence there exists not only a reaction-specific threshold-lowering but also 
a similar phenomenon affecting groups of activities. For the rest I prefer to use the term 
appetites instead of postulating purely hypothetical stimulus-generating substances.” 
Translated into ethological terminology this statement means that not only reaction- 
specific energies (SAP’s, to quote THorPE) were distinguished, but also energies which 
can be discharged by any activity of a definite group of activities. (““Group-specific” 
energies. ) 
The explanations given above will suffice to make clear the general 
principle of hierarchy as recognised in the cormorant. It would be 
impossible here to discuss the hierarchical organisation of pair-forming 
behaviour which is a very complicated one and in which no less than 
four levels of appetites were distinguished. It may be mentioned only 
that the complications of this system are heightened by the fact that 
the appetite for being paired and the appetite for cloacal contact large- 
ly make use of the same behaviour patterns serving as appetitive be- 
haviour (instrumental acts) in order to attain their different goals. 


The convergence of findings in cormorant and man 


It will be evident that the general tenor of the findings reviewed above 
with regard to hierarchy and its ontogeny in the cormorant, largely 
coincides with the principles laid down by FREuD. von Monaxow, 
Cu. BUHLER, and others. At that time (1940) the writer wasstill largely 
ignorant of psychoanalytical and other theories and therefore only an 
allusion was made concerning the similarity in nature of these phenom- 
ena in the cormorant and in man, without making a definite state- 
ment (1940 a, p. 396). In later papers, however, dealing with the in- 
tegration of nesting, pair-forming and sexual behaviour, no doubt re- 
mained that these phenomena in the cormorant must be considered 
identical with those in man described by FrEuD, and von Monaxow 
and Mourcue (KortLanpr 1942, pp. 181, 233, 234, 241, 253, 277, 
280; and 1943, pp. 21, 33, 34). But even in 1940 the conclusion was 
drawn that “‘the ontogenetic development of behaviour-systems proves 
in six cases out of seven to be just the reverse of the biogenetic principle 
of HAECKEL”’ (1940 b, p. 442). 


* The same principle appears to have been recognised and explained already by 
Heck (1930, p. 93) when describing vacuum-plucking of leaves in giraffes. 
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The last-mentioned passage may have been the origin of TINBERGEN’s erroneous state- 
ment: “KorTLANDT emphasizes the fact that the growth of behaviour patterns in the 
young usually begins with the specialized stereotyped components at or near the end 
of a chain and that the introductory elements, comprising the appetitive behaviour, 
are added retrogressively, i. e. in the reverse order to that of their final performance, 
as in the nesting behaviour. Maturation in the adult is, according to KorTLANpT, 
‘just the reverse’, the generalized appetitive behaviour being performed first, and then 
the reaction is completed by extension towards the more specialized, subordinated 
appetitive behaviour until the pattern is completed by the appearance of the consum- 
matory act.” (TINBERGEN 1951, pp. 140-141). As a matter of fact this rendering shows 
no resemblance to any statement ever made by the present writer. To be sure, in all 
behaviour patterns in the cormorant where a comparison could be drawn, no essential 
difference between the course ofontogeny and of seasonal maturation has been found. This 
also applies to intermediate stages which have not beenshown in Fig. 5 and similar cases. 

In this connection one should not forget that it is entirely impossible to make any 
statement as to whether “‘the”’ appetitive behaviour or ‘‘the’’ consummatory act mat- 
ures first. The point is that at first one consummatory act matures, and then another 
one matures which employs the first one as appetitive behaviour towards the new goal, 
or that afterwards a new appetite matures which is not directed towards an act at all 
but which employs the so-called ‘‘consummatory”’ act as appetitive behaviour in 
order to accomplish a situation which has newly become a consummatory one. In 
Lorenz’ film of the grey lag goose one is able to see that the same principle applies 
to nesting behaviour in this species. For the rest it may be stressed that ‘‘dis-matura- 
tion”’ (i. e. when the season is over, or in case of ill-health or psychotraumatic dis- 
integration) proceeds along exactly the same line but in the reverse direction. This 
fact proves that we are dealing with maturation and “‘dismaturation’’ processes and 
definitely not with learning processes. The course of “‘dismaturation’’ therefore af- 
firms the validity of the supposed relation between the degree of maturity and the 
degree of integration in behaviour. 


Selectivity to sign stimuli which release satisfaction 


In another respect also the conclusions on hierarchy reached concern- 
ing the cormorant appeared to coincide with those obtained on man, 
viz. with regard to what is called the cognition in McDovuGa.t’s 
terminology, or the releasing sign stimulus (or pattern) in ethological 
language. In order to explain this point we may start again with a 
quotation (KORTLANDT 19404, p. 396): 


“A nestling cormorant performs fish-munching movements on small twigs, pieces of 
wood, etc. When about 7 weeks old (after leaving the nest) it will begin to hunt and cap- 
ture, or more precisely speaking, false-hunt and false-capture, slender oblong objects 
found in the water. Gradually it will become increasingly selective in its preferences 
and will restrict itself to objects which closely resemble fish, and finally it will become 
self-supporting by capturing live fish. Thus maturation of the connection with the 
superordinate appetite (i. e. hunger) is correlated to an increasing selectivity when 
choosing the object (Cf. Fig. 6). This is not a conditioning process but a case of spon- 
taneous maturation of the innate cognition, for, if we satisfy the superordinate appetite 
in the fully grown bird by unnatural means, e. g. by feeding a zoo cormorant on dead 
fish, the subordinate appetite comes to light again and the cormorant will again hunt 
and capture pieces of wood, straw, string and paper, just as in its youth". This not only 


1 Annotation 1954: This phenomenon might be called a non-neurotic regression. 
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proves that there exists an appetite for hunting apart from the appetite for food, but 
also that the increasing selectivity of the cognition of the object to be hunted during 
ontogenetical development has to be attributed to maturation of the connection with 
the superordinate appetite, viz. the hunger which can be satisfied only by fish.” 

A similar course of development during ontogeny and seasonal maturation was 
described in sexual and pair-forming behaviour: at first these activities appear to be 
vacuum-activities, thereafter they become a form of friendly (perhaps social) greeting, 
then they become erotic expressions irrespective of the sex and number of the “‘mates”’, 
and finally they are directed only to one member of the opposite sex (1940 a, pp. 395 
and 397-398; 1940 b, pp. 429, 430 and 432). For the rest, the same type of development 
has been found in other birds as well, e. g. in the Hobby Falcon (L. TrnBERGEN 1935; 


ScuuyL, TINBERGEN and TINBERGEN 1936), and in the Common Tern (N. TINBERGEN 
1938). The relationship of these facts to hierarchy, however, has not been recognised 
previously. 


In other words, it was assumed that in a hierarchical system each 
appetite (or ‘‘instinct’’) at any level hasits own innate releasing mechan- 
ism (IRM) by which the activities satisfying that particular appetite 
are released, and further, it was assumed that the bottom-level appetite 
has the least selective IRM (fish-munching can be released by a chunk 
of wood), whereas the middle-level appetite has a moderately selective 
IRM (false-hunting and capturing require oblong and slender ob- 
jects), and the fop-level appetite has the most selective IRM (only fish 
or fish-like objects of soft texture will be swallowed). In addition to 
this it was postulated that the gradual shift in selectivity observed 
during ontogeny (from piece of wood to real fish) must be attributed to 
a gradual shift in the level from which the main body of the motivation 
originates. (At first mainly from the bottom-level appetite, ultimately * 
mainly from the top-level appetite; see Fig. 6.) Or, more briefly: the 
higher the level of the drive, the higher the specificity of the goal and 
the higher the specificity of the stimulus required for releasing the 
consummatory act or for releasing the actions leading to the consum- 
matory situation. 

This is the new setting given by KorrLanpt to PorTIELJE’s concept 
of “‘differentiation”’*. Thus, following PortreLje and mostly unaware 
of similar phenomena disclosed by FReup, hierarchy was stated to be 
the very core of instinct, the general principle governing the integration 
of behaviour in ontogeny and maturation, its canalisation in normal 
functioning, and its disintegration in cases of disturbance, ill-health or 
seasonal “‘dismaturation.”’ 


* It will be remembered, however, that PorTIELJr’s term differentiation is a collec- 
tive notion under which other phenomena of a different nature are included as well. 
With regard to the phenomena with which we are dealing at present the term in- 
tegration is more appropriate than differentiation. 
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Some miscellaneous points 


Additional suggestions were made with regard to the far-reaching im- 
portance of this principle. The resemblance in appearance between dis- 
placement-activities and immature activities was explained by as- 
suming that both are driven by bottom-level drives (19404, pp. 390, 
395, 396; 1940c, p. 499). The difference in appearance between, on 
the one hand, low-intensity activities (including intention movements) 
In mature animals and, on the other hand, immature activities as 
normally shown by immature animals, was attributed to a difference 
in level of the appetites which originate the drive (1940a, pp. 397- 
398; 1940b, p. 429; 1940, pp. 496, 497, 516).1 The special nature of 
the activities which are due to the damming up of the drive and thresh- 
old-lowering was considered (1940C¢, p. 455). The concept of ‘“‘ab- 
reacting’ (German: abreagieren, in every-day language: discharging 
the drive without satisfying the appetite) was tentatively redefined as 
“achieving a balance between incomplete satisfaction of the top-level 
appetite and surfeiting of the subordinate appetite” (1940 a, pp. 397 
and 400). “‘Play’’ was interpreted as a low-level activity of a special 
nature (1943, Pp. 33-34). 

From all this it will be apparent that hierarchy (or ‘“‘concentricity”’ 
as it was called at that time) was judged to be a very important prin- 
ciple indeed. It was also judged, however, that there was more in the 
heaven and earth of animal behaviour than the philosophy of hierarchy 
alone. Therefore some points will have to be considered now in which 
other principles than hierarchy play a role. 


1 In literature the two types of activities mentioned here are often confused or put 
on an equal footing. (For example in TINBERGEN 1951, p. 141, although TINBERGEN 
1940, pp. 32-34, does distinguish them. BAERENDs and BAERENDS-VAN ROOoN 1950, 
p. 212, hesitate as to whether a distinction is justified.) There are, however, marked 
differences between both types. Low-intensity activities (‘‘incipient movements’, 
“intention movements”’, etc.) when originating from a mature drive are characterised 
by the rigidity and stereotypedness often ascribed to fixed patterns in general, by a high 
degree of integration, and by a high degree of selectivity to releasing objects. Immature 
activities (“awakening activities’, but also activities in the “‘dismaturation”’ period, 
“cyclic vestigial activities” ARMSTRONG 1949) are characterised on the contrary by a 
lack of rigidity and stereotypedness in the fixed patterns, by a low degree of integration 
and by a low degree of selectivity. This applies not only to cormorants but also to other 
animals and man. Especially in copulatory behaviour of birds and mammals the 
phenomenon is very conspicuous. For example, contrary to popular belief, sex offenders 
in man (and also in cormorants) are suffering as a rule from hyposexuality, rarely from 
hypersexuality. This fact has also been recognised in hormone therapy (GOLDZIEHER 
and GoLpzIEHER 1953). Transient pseudohomosexual relations are observed in man 
at the beginning of puberty and in old age, in cormorants when less than two years old. 
Many more similar facts could be added. (See also KorTLANDT 1942, and pp. 191 
and 195 in this paper.) 
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Displacement 

A first point in which other principles than hierarchy are involved 
concerns the so-called ‘‘system of drive dispositions’’ which was postu- 
lated in the cormorant and in the avocet (1940 c, pp. 507-514). This 
system was assumed to be the basis of displacement reactions, 1. €. 
activities in which an impulse sparks over from one instinctive disposi- 
tion to another one. For example, if in a cormorant or an avocet a 
fighting impulse is thwarted for one reason or another, the bird will 
perform sexual and nesting behaviour. Further, if a sexual impulse is 
thwarted, the bird will peck its mate or make nesting movements. A 
nesting impulse when thwarted may give rise to sexual or fighting ac- 
tivities. (““Vice-versa principle’’.) Apparently there exists some nervous 
mechanism or centre uniting or connecting these three activities and 
this mechanism or centre was called a drive disposition. In addition 
to this, there was evidence of an arrangement in levels of such drive 
dispositions. For example, if in an avocet the fighting impulse becomes 
stronger while the thwarting also increases, false-incubating may be 
seen. In situations of highest tension false-sleeping is added to the series. 
Therefore low-level, middle-level and high-level drive dispositions 
were distinguished. These systems were shown by means of figures 
which at first glance might suggest hierarchical systems, but this im- 
pression would be wrong. 


The factual content of the notion of drive disposition implies nothing more than that 
an impulse may spark over into more than one motor mechanism. With regard to the 
causal factors which determine the “‘choice”’ of the displacement-reaction we know, 
at least in some cases, that external stimuli may play a role. (E. g. if there is no nesting 
material a cormorant will show no displacement-quivering.) In other cases, however, 
it is essentially impossible to unravel the factors which determine this ‘‘choice”’ because 
the experimental interference required to analyse them would destroy the specific 
situation causing displacement. This state of affairs implies that there is no valid proof 
at all of the existence of internal factors governing the direction of displacement. It 
might even be possible, at least in principle, that any impulse may spark over to any 
motor mechanism and that the ‘“‘choice”’ of a particular motor mechanism is determined 
exclusively by external factors. Considering that, apparently, there are no criteria 
available either to prove or to disprove the fallacy of this possible assumption, the 
whole system of drive dispositions as conceived by KortTLanpT 1940c must be looked 
upon as an idle speculation on the internal organisation underlying displacement 
behaviour. 

For the rest, even if the system of drive dispositions held true, it cannot be regarded 
as a hierarchical systern. In common terms the word hierarchy refers to tasks and tar- 
gets, 1. €. goals. The system of drive dispositions, however, is only a discharging mechan- 
ism in cases where the proper goals cannot be attained. Performing a displacement- 
reaction does not solve the problem facing the animal, nor does it terminate the se- 
quence of behaviour that is going on; it only procures a temporary relief. Hence the 
displacement system cannot be regarded as true hierarchy. 
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Differentiative development 


Another point with regard to which a distinction should be made be- 
ween hierarchy and other phenomena refers to the course of ontogenet- 
ical development. It is not in all cases that ontogeny proceeds accord- 
ing to the principle of ‘‘développement en briques”. The additive and 
integrative type is the rule, it is true, but there are a number of cases 
in which development proceeds according to the differentiative type 
described by Cocuitr (1929). The most conspicuous example of these 
is found in the aggressive and defensive behaviour of the young cor- 
morant (KORTLANDT, 1940 b, p. 419): 


“When about 2 weeks old a primitive manner of fighting appears. The young bird be- 
gins to stab at strangers, accompanied by loud cries. This pecking or stabbing is ob- 
viously feared by fellow cormorants as well as by other species including mammals. At 
the age of about 4 weeks this stabbing behaviour divides into two actions: (1) The 
defensive pecking action which is exhibited towards stronger enemies and predators if 
the bird is caught when fleeing. This action, during further ontogeny, gradually devel- 


which territory trespassing cormorants are driven out and even pursued. This perform- 
ance develops into the common fighting activity. The splitting up of one activity into 
two different ones with different functions might be called differentiation.” 
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respects just the contrary of common fighting: it expresses the utmost 
fear and distress, whereas true fighting expresses the utmost courage, 
anthropomorphically speaking. Between these two extremes there is no 
hierarchical connection of course: their goals are opposites. Now it is 
an interesting feature that in this case (and, it would seem, in a few 
other cases as well) the differentiative type of ontogeny of behaviour pat- 
terns does not create a hierarchical organisation of behaviour, whereas 
the additive and integrative type of ontogeny as a rule does. This point will 
require consideration in future research. 


Locomotion 

A third point to be examined now concerns the special status of 
locomotion in the organisation of behaviour. It is a common saying 
that allinstincts make use of locomotion in order to attain their respect- 
ive goals. In such sweeping terms, this statement is definitely wrong. 
Many instances are known of, say, ground-living birds which are unable 
or practically unable to make use of their flying powers in order to 
escape from danger when driven into a corner. In such situations flight 
appears to be thwarted. Moreover, during ontogeny a passage of time 
is required to put the newly acquired flying abilities into the service of 
the major instincts. 
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“When 7 weeks old a young cormorant performs its first flight". In the beginning (after 
fledging) the young bird uses this motor mechanism exclusively as a goal in itself or as 
a means to fly from its nest to the water and vice versa. If human beings approach such 
a newly-fledged young bird, it will look very frightened but it will not fly away. This 
will not be done until some days later. Still later, the young bird will begin to employ 
its flying capacities in order to fly to its parents and beg for food. Not until 2 or 3 weeks 
after fledging will the young bird, when begging, begin to follow its parents in the air. 
Apparently each new application of flying has to be learned or to mature separately. 
In cases of extreme urgency, however, the young bird appears to be able to do so much 
earlier, and if its nest is approached very closely by human beings it will jump out and 
make flying movements even before being able to fly. But, if a strange cormorant at- 
tempts a raid and tries to drive the young out of its nest, the young bird will be pecked 
to death rather than jump or fly out.” (1940 a, pp. 399-400). In this connection some 
other instances were mentioned in which a bird appéared to be unable to make use of 
an existing motor mechanism. 


By including data which have been worked out since the earlier paper, 
a scheme can be drawn up demonstrating how the flying abilities in 
the young cormorant are gradually put at the service of the major 
appetites, supposing that the strength of the urge is moderate. (Fig. 7.) 


Fig. 7. Average date after fledging at which a young cormorant will use its flying abilities in order: 
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Appetite for flying 


It may be added that a similar course of development has been ob- 
served in other locomotory mechanisms as well. Further, the same type 
of development has been found also in man (GESELL 1954). 

The general principle appears to be the same as in maturation of a 
hierarchical system, viz. the subsidiary motor mechanism initially 
matures as an independent pattern (‘en brique’’) and later on it be- 
comes subordinate to a major appetite. The resulting organisation, 
however, might be called a topsy-turvy hierarchy: in this case, in con- 
sequence of integration, during ontogeny the number of “‘bosses”’ of a 

‘ Erroneously in the original paper the age was stated 2 months. 


{ 
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subsidiary mechanism increases, whereas during ontogeny of a hierar- 
chical system the number of subsidiary mechanisms increases, but the 
number of ‘‘bosses” decreases. Further, the branches now point up- 
ward, instead of downward as in a hierarchy. For the rest it seems to be 
a very important fact that notwithstanding these differences, in both 
cases VON Monaxkow’s principle holds good. 


It is no wonder that all these findings gave rise to a new prospect of the 
aims and objects of animal psychology. At that time in continental 
European psychology (including the McDoucat.u school of animal 
psychology) the dogma of wholeness often led to a discouragement of 
analytical research. The ethological school, on the other hand, while 
opposing this tendency, overshot the mark and hindered the way lead- 
ing to the research into such phenomena as hierarchy and integration 
by arguing that: “‘Instinct is a mere word. Statements can be made 
only about the instinctive activity.” (LORENZ 1937 a, p. 289, translated.) 
In this controversy the programme of animal psychology was explicitly 
stated by KorTLANDT (19404, p. 400) as follows: ‘‘Neither the activities 
nor the behaviour of the animal is the main field of study of the animal 
psychologist, but simply the co-ordination which is found between 
these two.” 


The McDouGALu link 


In the course of the following years the idea of hierarchy seems to have 
become fairly well accepted by the adherents of ‘“‘hormic psychology” 
(i. e. the McDouca tt school) in Holland. PorTIELJE (1942, 1948) has 
been paying increasing attention to it, at the same time acknowledging 
the results previously accomplished in this field by human psychiatry 
and neurology (q.o. RUMKE 1933). Moreover, in his account the 
relationship between hierarchical organisation and _ integrational 
development in ontogeny was recognised. VAN WIMERSMA GREIDANUS 
(1946), in his book on instinctive behaviour in man, distinguished a 
nearly unlimited number of sub-instincts including the distinction 
between ‘‘Kontrektationstrieb” and ‘‘Detumescenztrieb” previously 
made by Motz in 1898. For the rest, however, PoRTIELJE and GREIDA- 
Nus remained loyal to the McDoucatu doctrines by postulating as 
many primary sub-emotions as there are sub-instincts. To an unbiassed 
reader it will seem difficult to see the consistency of this, considering 
that in McDoucatv’s argument the limited number of instincts has 
always been based upon the /imited number of primary emotions that 
could be discerned by means of introspection. As a matter of fact the 
discovery of hierarchy is an achievement of the objectivist analysis of 
behaviour and it is certainly discrepant with the evidence provided by 
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introspection. To quote SHERRINGTON: “‘In this world Mind goes more 
ghostly than a ghost.” 


Research on specific hungers 


Apart from the authors mentioned above, another trend of research 
leading to the recognition of hierarchy and to a link between animal 
and medical psychology has developed in the New World. Unfortuna- 
tely, owing to lack of personal contacts, it is difficult for European 
investigators to keep abreast of American scientific trends. Never- 
theless an attempt will be made here to draw an adequate picture, 
although the writer apologises for its shortcomings. 

In 1932 Totman wrote ‘‘Only the hungry animal seeks and eats 
food.’’ (loc. cit., p. 274). At the same time, however, TOLMAN recog- 
nised that different kinds of food exert different motivating effects. 
Further, from about 1928 onward, in America as well as in Europe, a 
gradually increasing number of papers was published dealing with 
food preferences in animals and man. Their number has grown to 
such an extent that it is impossible to summarise them here. A valuable 
review has, however, been given by Younc (1941). 

As a result of these investigations it was recognised that at least in 
mammals, a fair number of ‘‘sub-hungers”’ related to specific physio- 
logical needs can be distinguished (e. g.a hunger for proteins, a hunger 
for carbohydrates, a hunger for fats, several hungers for minerals 
and vitamins, etc.). It was also recognised that even a fully satia- 
ted animal (or man) can be induced to eat more if an appropriate 
menu technique is applied. (This fact, in parenthesis, was already 
known to any good cook but had never been proved scientifically !) 
McDoucGa.v’s suggestion, according to which hunger and thirst have 
to be considered as two sub-drives of one single instinct, appeared to 
be less absurd than it had seemed previously. As a result of these 
investigations, in veterinary animal psychology increasing attention 
was given to the food preferences and feeding behaviour of domestic 
cattle. In short, with regard to the so-called ‘‘physiological”’ (i. e. 
homeostatic) needs, the principle of a hierarchical organisation of 
instincts became fairly generally accepted. 

Further, it was recognised that, apart from physiological needs, a 
number of sub-drives could be distinguished which are directed toward 
specific consummatory acts. Inrats it was proved that hunger can occur 
after stomach extirpation, or if all afferent nerves leading from the 
stomach to the GNS were severed. Thirst too, appeared to depend upon 
tissue factors as well as central nervous factors. With regard to food- 
seeking in chickens WoLre and Kapton (1941, p. 361) concluded: 
‘Amount of reward and amount of consummative activity were separ- 
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able factors influencing the acquisition and utilization of learning in 
chickens; effect of amount of consummative activity was greater than 
that of amount of reward.” Moreover, Harrow (1950), and Hartow 
et al. (1951) found evidence of a ‘“‘manipulatory drive” and other sub- 
ordinate drives in apes and monkeys. After arguing that there exist 
more drives than hunger, thirst and sex, he added: ‘‘We do not believe 
that monkeys, apes and men are the only deviant mammals with regard 
to current motivational theory.” (1951, p. 138). Other references from 
American authors on the hierarchy of food-seeking behaviour have 
been quoted in this paper on p. 206. With regard to other instincts, 
however, the idea of a non-hierarchical, or atomistic, arrangement 
was maintained. 


MasLow’s conception 


It seems to have been Mastow (1943 a) who, for the first time in 
American animal psychology, realised the universal applicability of the 
principle of hierarchy and who at the same time recognised its bearing 
on psychoanalytical and general psychology. According to his account: 
‘‘We should give up the attempt once and for all to make atomistic 
lists of drives... Such listings are foolish also because drives do not 
range themselves in an arithmetical sum of isolated, discrete members. 
They arrange themselves rather in a hierarchy of specificity. What is 
meant by this is that the number of drives one chooses to list depends 
entirely on the degree of specificity with which one chooses to analyze 
them. The true picture is not one of a great many sticks lying side by 
side, but rather of a nest of boxes in which one box contains three 
others, and in which each of these three contain ten others, and in 
which each of these ten contain fifty others, and so on.” (loc. cit., 
p.88). The resemblance to KorRTLANDT’s picture of “‘concentric”’ circles 
representing appetites, asshownin Fig. 1 in this paper, is striking indeed. 


In the quotation just cited, the term “hierarchy”’ is used in the same sense as has 
hitherto been done in this paper: a hierarchy of drives ultimately implies a hierarchy 
of goals apparent in behaviour. Elsewhere in MasLow’s paper, however, the term 
“hierarchy” was used in quite another connotation: ““Wants seem to arrange them- 
selves in some sort of hierarchy of prepotence”’ (p. 88) which statement means that 
they will emerge in a fixed order. (For example, in man, at a low level of satisfaction, 
hunger and similar basic needs will dominate consciousness. If hunger is satisfied, 
the safety needs will emerge. After having satisfied them, love needs will appear, 
then the need for esteem and finally the need for self-actualization, according to 
Mastow’s account.) It will be clear that the term “hierarchy” as used by Mastow 
in this second sense refers to the degree of actual urgency, hence not to a postulated 
underlying system of instincts, or drives. Therefore, in this paper the term “hierarchy” 
in its second sense may be left out of consideration. 

Another terminological difficulty is that in Mastow’s paper the term ‘‘appetite”’ 
indicates something like a sub-need in the hierarchical system (meant in the first 
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sense). For example there exists one “‘hunger”’ for food, but several specific “appe- 
tites” for different kinds of food. Further, in MAsLow’s account, a “hunger” is based 
upon a definite physiological need, whereas an “appetite” can be innate as well as 
acquired. It will be remembered that in KortTLanpt’s terminology, on the other 
hand, the term “‘appetite’”? means about the same as instinct and has been used in 
order to prevent confusion with other connotations of the vague word instinct. ‘These 
terminological features should be carefully borne in mind when reading Mastow’s 
papers dealing with these subjects. 


Up to the present we have quoted only Mastow’s notion of hierarchy 
as such. The psychoanalytical concept of hierarchy towards which 
Mastow builds a bridge, contains much more, viz. an elaborate con- 
ception of ontogeny. This aspect is dealt with in the following passage: 
(loc. cit., p. 8g) ‘‘As we go up the phylogenetic scale there is a steady 
trend toward disappearance of the instincts no matter how we define 
them!. For instance, in the white rat it is fair to say that, by our 
definition, there are found the hunger instinct, the sex instinct, the 
maternal instinct. In the monkey the sexual instinct has definitely dis- 
appeared, the hunger instinct has clearly been modified in various ways 
and only the maternal instinct is undoubtedly present. In the human 
being, by our definition, they have all three disappeared, leaving in 
their place conglomerations of hereditary reflexes, hereditary drives, 
autogenous learning and cultural learning in the motivated behavior 
and in the choice of goal objects. Thus if we examine the sexual life of 
the human being we find that sheer drive itself is given by heredity but 
that the choice of object and the choice of behavior must be acquired 
or learned in the course of the life history.”” In other words, according 
to MasLow, in the human being, drives represent rather unshaped and 
uncanalised amounts of nervous energy, and during ontogeny the 
systems of behaviour become built up from their lowest components, 
by ascending stages, due to object finding, goal finding, and in- 
tegrational processes. In these ideas we clearly recognise the psy- 
choanalytical conception as set forth in Chapter I of this paper 
(points 1-4). 

Curiously enough, Mastow pays no attention to the ontogeny of 
hierarchical behaviour systems in those animal species in which such 
systems are largely or wholly innate, or grow by endogenous matura- 
tion. One might say, therefore, that he has failed to construct the 
middle span of the bridge uniting animal psychology and psychoanaly- 
sis. This point, and other aspects of MasLow’s highly interesting ‘“‘gen- 
eral-dynamic theory of motivation” which partly lie outside the scope 
of this Chapter will be dealt with in Chapter IV of this paper. 


* In an explanatory note Mastow makes it clear that he bears in mind only the cur- 


rent American terminology according to which the word instinct refers to innateness, 
or heredity, and not to drive, or urge. 
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Relation between maturation, integration and variability reconsidered 


In the considerations put forward in this Chapter, one main feature has 
remained rather obscure, viz. the relationship between the intensity 
of the “‘drive” and the integrational level of behaviour resulting from 
it. This point has been dealt with in a paper (KoRTLANDT 1949) which 
was concerned mainly with the “‘texture’’ of behaviour, that is to say 
such phenomena as co-ordination, integration, regulation, canalisa- 
tion, interaction, linkage, subordination, inhibition, hierarchy, and so 
on. The study of these phenomena has led to a more generalised view 
with regard to the integrational level of behaviour!. 

Before considering the point now to be discussed, it will be necessary 
to point out that the term ‘“‘drive” unfortunately has a double meaning. 
If, for example, an incubating bird shows signs indicating that it 
wishes to be relieved from duty by its mate, it is said that its incubating 
“drive” is weak, or low. If the relieving mate, on the other hand, shows 
signs of eagerness to incubate, it is said that its ‘“‘drive” is strong, or 
high. Used in this way the term “‘drive’”’ means something like actual 
impulse, or urge, or mood, and the strength of the ‘“‘drive’’? may fluctuate 
from minute to minute or even from second to second. Further, the 
“drive” (in this connotation) will be exhausted or consumed or satis- 
fied by, for example, the performance of a consummatory act. Another 
meaning, however, is given to the term drive if a statement is made to 
the effect that the incubating ‘“‘drive”’ is weak or low during the first 
two days of the incubation period and strong or high during the follow- 
ing days until the eggs hatch. In this case the term drive means some- 
thing like tendency or inclination, or the average of all actual impulses 
during the whole day. In this sense the strength of the “drive” may 
fluctuate from one day to another, or from one week to another, and it 
will be extinguished after the young hatch, or perhaps a week after 
hatching. (It will be clear that the term drive in its first meaning [im- 
pulse] is about identical to Hemrorn’s concept of Stimmung, whereas 
the term drive in its second meaning [tendency] is not identical to 
Hernrotn’s concept of Bereitschaft, although of course the Bereitschaft 
also depends on the strength of the tendency.) 

Now one might argue that the distinction here is trifling. In reality, 
however, it is the key to a mass of facts. If, for example, in an incubat- 
ing cormorant the ‘‘drive’”’ (tendency) is fairly weak but the “‘drive”’ 


1 The 1949 paper can be considered a second step toward realisation of the task and 
programme of animal psychology as stated in 1940 a. (This present paper, p. 185). It 
was based mainly on observations made in 1939, the working out of which had been 
delayed owing to war circumstances. In the future a much enlarged English edition 
will appear. The term texture was introduced as a technical term indicating the oper- 
ative organisation of behaviour. 
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(impulse) is fairly strong, the eggs will be incubated but nevertheless 
will remain fairly cool. If, on the other hand, the “‘drive”’ (tendency) 
is rather strong but the ‘‘drive”’ (impulse) is rather weak, the eggs will 
be kept warm. This difference is due to a difference in degree of ma- 
turation. Another example: in immature nesting behaviour, relatively 
short twigs are used, relatively many quivering movements are made, 
and these have comparatively little success as far as fastening is con- 
cerned. In low-intensity mature nesting, on the other hand, the twigs 
are longer and there is less quivering, but the fastening-in results are 
better. Many other similar examples could be given. It is the same 
principle as has been referred to in the footnote p. 181 in this paper. 
In other words, the strength of the tendency exerts quite a different 
effect upon the co-ordination and integration of behaviour as compared 
to the effect caused by the strength of the actual impulse. Or, it might 
be summarised as: The intensity of the tendency is correlated to (and pre- 
sumably determines) the level and purpostveness of behaviour, its degree of 
integration and canalisation, the selectivity in choosing its objects, and the setting 
in motion of the patr-forming processes such as initiating the reproductive 
cycle, settling down in a territory, or falling in love with a mate. Or, 
formulated more briefly, quantity and quality of behaviour go hand 
in hand (KorTLANDT 1949, pp. 15, 26, 27, 31, 73, 78, 82, 85, 87, 90, 
95, 100, 107, and Appendix). In this last sentence the word “‘quantity”’ 
refers exclusively to the tendency, or daily average of impulses, and 
not to the actual impulse itself. The intensity of the impulse may some- 
times even have a contrary effect, as is shown by disintegrative phe- 
nomena which are due to an excess of drive, for example in vacuum 
and displacement activities. 

The apparent relation between the strength of the tendency and the 
integrational level of the resulting behaviour is a matter of observation. 
An explanation may be offered by attributing this phenomenon to hier- 
archy. If the tendency originates from a relatively high level in the 
hierarchical system, a relatively large number of appetites will contrib- 
ute to it. Consequently, the resulting tendency will be proportionately 
strong. At the same time the large number of participating appetites 
involves the possibility of utilising a correspondingly large number of 
subordinate motor mechanisms, which fact creates a base to attain a 
relatively high degree of integration. A glance at the schematic draw- 
ings in this Chapter will suffice to clarify the principle. Further, the 
combination of the innate releasing mechanisms of the behaviour pat- 
terns involved will naturally be more selective than any isolated releas- 
ing mechanism. 

This tentative explanation finds support when considering the varia- 
bility of behaviour. During ontogeny and seasonal maturation the level 
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at which variations are found will increase to the same degree as the 
motivational level increases. In the very first stage of development there 
is still no rigidity in the so-called fixed patterns, or Erbkoordinationen. 
(All contrary statements on rigidity as made by ethologists do not 
account for ontogeny.) For example, in a cormorant when two or three 
weeks old, quivering is an irregular movement and kee-kee-gargling 
is performed in an irregular rhythm (1940 b, p. 429). At this stage the 
behaviour looks clumsy, just as in a young puppy. At a later stage the 
fixed patterns have become almost perfectly rigid but there is much 
variation in the way in which the bird makes use of them, or combines 
a number of them into one activity or series of activities, and thus, in 
human eyes, the behaviour acquires a playful character. When full 
maturity is reached in the behaviour system under consideration, little 
variability is left in the lower and middle levels, but there may be great 
variability in the choice of the means by which the top-level goal can 
be reached, at least so far as these variations will suit the purpose. (See 
Fig. 5!) It appears, therefore, that the ‘*zone of variability” in behaviour 
ascends in the same degree as does the progress in maturation. Descriptions 
of ontogeny given by BrncHam (1928), ErpL-ErBesFELDT (1950, 1951), 
and SAUER (1954) suggest that the same principle applies also to be- 
havioural development in the chimpanzee, the badger (Meles meles L.) 
and the squirrel (Scewrus vulgaris L.), and to the development of song in 
the whitethroat (Sylvia c. communis LATHAM). When in the course of 
development the top-level has finally been reached, variability may look 
like an over-riding intelligence, although actually we are dealing with a 
simple hierarchy of instincts. At this final stage the cormorant’s be- 
haviour has become “‘serious”’ in human eyes. Apparently the gradual 
shift from ‘‘clumsiness’’ via ‘‘playfulness’’ to ‘‘seriousness” and “‘in- 
telligence”’ is not so much a shift in the essential nature of behaviour as a 
shift in the hierarchical level from which the tendency originates. 
Perhaps it is only our own human nature that imagines a change in the 
essential nature and character of behaviour. To a child, “‘play”’ is 
extremely serious. In every-day life ‘‘mental maturity” is usually 
regarded as a matter of experience and wisdom but there might be more 
reason for considering it a matter of hierarchy of instincts, in animals as 
well as in man. It may be added that human imbeciles are known to be 
very cunning if a strong tendency (e. g. nostalgia or sexual desire) is 
activating them. 

In other words, at least in the cormorant, normal variability of be- 
haviour proceeds mainly at a level just below the highest appetite which 
is activated at that moment. Maturation of a higher appetite largely 
suppresses variability at the lower levels. This process cannot be a- 
scribed to conditioning or learning, for during seasonal ‘“‘dismaturation”’ 
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or in cases of ill-health or trauma the reversed sequence is observed and 
variability descends to the lower levels. It therefore seems that normal 
variability of behaviour is a biological function exerted mainly by the 
highest activated tendency, in order to accomplish integration and adaption of 
behaviour as circumstances require. (See also Chapter IV, § 3, p. 253.) 
A tentative suggestion of about the same tenor has been made already 
by Freup (Ges. Werke V, p. 139; Stand. Ed. VII, p. 237). According 
to his surmise, some cases of perversion in man that are due to a lack of 
integration, may find their root in a hereditary weakness of the top- 
level instinct which thereby is unable to accomplish the integration of 
the lower instincts. In the cormorant, the tentative presumption ac- 
cording to which the level of the tendency has to be considered the 
primary cause, and the degree of integration its consequence, finds 
support in a few observed cases in which ‘‘quality’’ apparently lagged 
behind ‘‘quantity” of behaviour. (See also Chap. IV, § 4, p. 256.) It 
is interesting to see that the study of integration in both animal species 
results in essentially identical conclusions. 


Inference of hierarchy from characterological evidence in the cormorant 


This last point leads us to the so-called ‘‘characterological approach” 
or ‘‘symptomatic analysis”, which is a third way of arriving at the idea 
of hierarchy and which was applied in the 1949 paper in addition to 
the two ways of approach described in 1940-a and mentioned earlier in 
this paper. A few words may be said now on this third way of approach 
to hierarchy. The following example will illustrate the principle. 


In the pair-forming period a normal mature female cormorant usually produces 
panting sounds which are quite different from the croaking sounds produced by the 
male throughout the year and by the female out of the pair-forming season. Further, 
a normal female during the pair-forming period will as a rule behave in a submissive 
way toward males, will not bring nesting material to the nest, shows no wing-flapping 
(i. e. masculine advertising display) or displacement-wing-flapping, and will not 
act as the mounting bird in copulation. There are, however, a substantial number of 
females who do perform such masculine activities. Among them, the majority is 
composed of females who show most or all of these masculine activities without any 
apparent external cause. Evidently these females are characterised by a bisexual 
disposition in their temperamental make-up and this determines the occurrence of 
the whole set of masculine activities. In other words, the co-incidence of a group of 
symptoms points to a hierarchical texture to which all these activities are subordinate. 
‘The same co-incidence of symptoms is observed when, after the pair-forming season, 
normal females regain the masculine traits which are shown by them during the 
rest of the year. In medical language one might speak of a syndrome. In the paper 
referred to, the term garniture or set of activities was introduced. 

By the same argument it would seem that among males too, a number of individ- 
uals have to be regarded as bisexual. Zoo-observations amplified by field-data have 
shown that, apart from seasonal variations and some external factors which may shift 
behaviour into a more masculine or more femine direction, as a rule the bird’s tem- 
perament will remain constant year after year once a certain age has been reached. 
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An important fact is that bi-sexual females prefer to mate with bi-sexual 
males, and vice versa, whereas extremely feminine females prefer to 
mate with extremely masculine males, and vice versa. Apparently in 
its behaviour the bird gives expression to its psychological attitude 
towards possible marital partners. In other words, the more masculine 
or more feminine way of behaving is an expression of the ‘‘character- 
ological” aspect (or perhaps “‘personality”) in the goal the bird is 
striving for, viz. its preference to mate with a certain type of marital 
partner. Moreover, careful observation shows that potential marital 
partners clearly understand this meaning of pair-forming display. If, 
however, a male or a female is unable to find a suitable partner (e. g. 
owing to the law of supply and demand in the marital market), in the 
long run it will adjust itself according to circumstances, at least within 
certain limits!. To explain these phenomena, the principle of threshold- 
lowering is not sufficient. A consistent and sound explanation is arrived 
at by postulating a top-level appetite (viz. the appetite for being paired, 
or something of a similar nature) which is supposed to govern both sets 
of activities. In other words the masculine and feminine tendencies in 
the cormorant are considered to represent two sub-appetites which are 
hierarchically subordinate to a top-appetite directed toward the for- 
mation ofa marital bond. Thus there is no need for a casual explanation 
with regard to marital adjustment and pseudo-homosexuality. Here 
again the essence of hierarchy appears to be a hierarchy of goals. For 
further remarks on this point the reader is referred to KORTLANDT 
(1953). 

The distinction between masculinity and femininity is only one as- 
pect of cormorant characterology. The other main aspect is the dis- 
tinction between individuals which are characterised by a more active 


1 Tn captivity, if there is a lack of members of the opposite sex, an almost complete 
inversion of sexual and pair-forming behaviour may occur. With regard to similar 
cases Morris (1952) has used the term homosexuality. This usage of the word is wrong 
according to customary medical terminology, at least on the European continent. In 
cases of adaptive inversion the terms pseudo-homosexuality or sexual ambipotency 
should be used. In cases of spontaneous and immediate inversion towards certain members 
of the same sex or in special circumstances, the term sexual ambipotency seems the 
only appropriate one. The term homosexuality should be used only in cases of innate 
and complete inversion. 

For the rest, the phenomena dealt with here should not be confused with displace- 
ment-activities or with activities in which a masculine pattern during evolution has been 
transferred to and ritualised in the normal feminine behaviour system, or vice versa. 
This last mentioned category has been called ‘‘derivative activities’ in KORTLANDT’S 
terminology (1949) and they constitute a sub-group of the ‘‘derived activities” discerned 
afterwards by TinBERGEN (1952) who, when coining this term, did not refer to the pre- 
existing term resembling it. In these matters confusion may easily arise and therefore 
a very exact employment of terms should be recommended, 
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or by a less active temperament. This second distinction is at the same 
time a distinction between individuals which are characterised by a 
relatively high degree of integration in their behaviour and those which 
are characterised by a relatively low degree of integration. An example 


may suffice to illustrate the principle: The only case ever observed of 


a male cormorant who performed wing-flapping (i. e. advertising for 
females) while in the sleeping posture, was observed in a male with the 
most lethargic temperament ever studied. (Possibly the bird was 
dreaming.) 

In cases like this it again appears that there exists a marked correla- 
tion between the strength of the tendencies on the one hand and the de- 
gree of integration on the other hand, except in a very few individual 
cases in which the ‘“‘quality”’ of behaviour lagged behind its “‘quantity”’. 
Further, the selectivity toward objects and the aptitude for pair-form- 
ing processes, again appear to be dependent upon the strength of the 
tendencies. In other words, the study of cormorant characterology 
leads to conclusions exactly convergent with those that have been ob- 
tained by studying ontogeny, maturation and “‘dismaturation’’. 

It would take too long in this paper to set forth more fully the outstand- 
ing importance of temperamental factors with regard to the individ- 
ual’s fate and destiny. It may be remarked only that, when applying 
symptomatic analysis, an extensive amount of observational data 
covering the whole reproductive period is required together with care- 
ful and painstaking analysis of these data. Notwithstanding these 
handicaps the characterological approach has appeared to be the most 
rewarding of the three approaches to hierarchy and other concepts 
concerning the texture of behaviour. 


Up to here, our attention has been chiefly focussed on the innate 
characterological factors involved in the integration of behaviour. It 
must be added, however, that during ascending development, acquired 
components play a role as well. These also are revealed by applying 
the characterological approach. The following quotation may illustrate 
this point: 

“It had struck me that in all parts of the colony with high nests only a few ringed 
birds were to be seen and that in sections with low nests many ringed ones were 
found, This was the more surprising because in the course of years the birds in- 
habiting low nests frequently moved to and fro from one side (of the lake around 
which the colony lies) to the other. Apparently the same group of ringed specimens 
kept on moving. Needless to say, nearly all nestlings which could be provided with 
rings, originated from. the low trees in the colony. Therefore I concluded that the 
birds hatched in high nests will breed in high places and those hatched in low nests, 
in low places; even if, during moving, they overcome their attachment to the native 
place. a Apparently the birds always looked for a landscape resembling their hatch- 
ing site, just as, according to FREup, man in cases of love, friendship and enmity is 
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often dependent on resemblances to persons who played a role in his earliest years... 
Cormorants of low origin will usually breed low and continue to breed low, even 
after moving. This implies that a cormorant is attached not (or not exclusively) to 
its native spot as such but also (or exclusively) to the type of landscape in which it 
grew up.” (KoRTLANDT 1942, translated from pp. 253 and 270; see also 1949, p. 81.) 
This statement was proved at least for the males; with regard to the females, however, 
the statistical figures were less conclusive. 

From these and similar facts it appears that, during individual develop- 
ment, the innately proceeding process of ascending integration is attended by 
an intermingling or even an amalgamation of innate and acquired com- 
ponents, especially on the sensory side of behaviour. Other suggestions 
on this point have been given by THORPE (1951, p. 264), who ap- 
proaches the same problem from the point of view of imprinting phe- 
nomena. In Chapter IV, § 2, we shall consider what may happen if in 
the integrational process innate and acquired components appear not 
to fit in with each other. 


Validity of the new conception 

Compared to the papers published in 1940, the new formulation sum- 
marised above provides a more general conceptual frame for the 
phenomena referring to hierarchy, maturation, dismaturation and so 
on. The new concept has appeared to be valid in a great number of 
instances from observational data, partly published in 1949, but for 
the most part still unpublished. The concept has appeared to be valid 
not only in the cormorant but in other animals as well. For example, 
in the Great Crested Grebe (Podiceps cristatus L.) Miss H. A. W. Suir 
found that immature birds perform all the usual courtship activities, 
but often in a wrong sequence, or in ceremonies in which these activi- 
ties do not belong, or toward the wrong sex (unpublished M.S.). 
Similarly sticklebacks (Gasterosteus aculeatus L.) in the maturation and 
dismaturation period preceding and following a reproductive cycle 
show many irregularities of behaviour, such as sand-digging at scat- 
tered points, disintegrated building activities, and so on. (Verbal com- 
munications of VAN IerseL and SEVENSTER, and observations of the 
present writer.) Accurate descriptions of the ontogeny of behaviour in 
mammals and birds leave no doubt that ascending development is the 
rule, differentiative development the exception. (See e. g. Erpi-E1BEs- 
FELDT, SAUER, and many studies on rats and chimpanzees. ) 

In the new concept PorTierje’s findings on ‘‘differentiation” and 
‘“‘symbolisation” can be arranged more appropriately than in the old 
one, and the same applies to the integration of flying abilities as shown 
in Fig. 7 and similar phenomena. There is evidence that the concept 
holds good not only for birds and mammals (including man) but also 
for lower vertebrates, as indicated above. There are reasons for assum- 
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ing that a still further generalisation of the principle will be justified, 
and perhaps there are possibilities of practical application in hormone 
therapy. (See GoLpzieHER and GOLDZIEHER 1953.) This last point is 
also suggested upon grounds derived from cormorant characterology. 


An interesting point which may have important theoretical implications is the dis- 
continuous course of integration which has been found in several behaviour patterns 
during ontogeny and maturation, and which is suggested also by some charactero- 
logical facts. In some maturation processes a continuous increase of the tendency will 
lead to a step-by-step increase of the integration, like climbing a staircase. In some 
other processes an increase of the tendency will at certain levels cause a temporary 
drop in integration, followed by a re-integration at a new and higher level. In all 
such cases one may speak of ‘‘developmental jumps” (KORTLANDT, 1949, pp- 15, 26— 
27, 85-87; see also Chap. IV, § 2, pp. 237-240, in this paper). The total number of 
successive developmental leaps in one behaviour system in the cormorant may 
amount to five, which number has been found characteristic for the ontogeny of the 
tendency toward individuation during the first three months of life. The occurrence 
of such jumps seems to provide fairly firm ground for the assumption of distinct hier- 
archical levels, as have been assumed in the drawings in this Chapter. Where, how- 
ever, no development of integration by jumps is observed, the idea of distinct levels 
may be only an illusion and the schematic diagrams therefore too rigid. In the latter 
category one might even doubt whether the term hierarchy is fully justified. At pres- 
ent a definite statement on this point seems unwarranted. (See also pp. 160-161.) 

In this connection it should be borne in mind that the relation between the 
strength of the tendency on the one hand and the degree of integration on the other 
hand is still a somewhat enigmatical matter. It is true, a high level tendency disposes 
of more motor mechanisms than a low level one disposes of, and this datum explains 
why a higher degree of integration can be attained, but it does not explain why a 
higher degree of integration 7s attained in perhaps 95 or 98 per cent of all observed 
cases in which an inference could be made, for we must distinguish between the 
possibility of integration and the realisation of integration. Moreover, it remains 
enigmatic how the variability of behaviour is advanced at a level just below the 
highest activated tendency, but at the same time suppressed at the lower levels. 
These questions are of the utmost importance because of their bearing on human 
psychotherapy and psychiatry but at present it seems impossible to give even an 
approximate answer to them or to suggest a way of future research. In Chapter IV 
we will return to some aspects of these questions. 


(il: THE IDEA OF HIERARCHY INC ETHOLOGICALT 
ANIMAL PSYCHOLOGY 


In the foregoing Chapters two important trends of thought with regard 
to the idea of hierarchy have been recognised: a positive one, origi- 
nating from medical sciences and starting with JAcKson and Freup, and 
an initially tentative one, originating from hormic psychology and star- 
ting with LLoyp Morcan and McDoveatt. Inanimal psychology, from 
PortiELjeE and Mastow onwards, both trends have since been united. 
In the ethological branch of animal psychology, however, scientific 
thinking concerning hierarchy started with a rejection of the idea. 
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EMerarchy rejected by LORENZ and TINBERGEN 


In 1935 Lorenz wrote: (translated) ‘In animals, or at least in birds, 
I cannot see any possibility of distinguishing between high order in- 
stincts and low order instincts as has been done by McDoucatt. The 
great independence which is a characteristic of the separate participa- 
ting actions in a functional cycle implies that the apparently less im- 
portant of them are in reality as important mosaic elements with regard 
to the functioning of the whole as any of the others. If we want to make 
a statement on the accompanying emotions and feelings then we have 
necessarily to postulate as many mutually independent kinds of emo- 
tions as we can find autonomous instinctive actions” (i. e. Erbkoordi- 
nationen) (loc. cit., p. 385). It will be clear that in this statement eyen 
the simplest type of hierarchy is rejected. Each Erbkoordination is 
supposed to work for its own sake, or atomistically. In parentheses, 
LoRENz’s quotation of McDouGALr is not quite correct, as has been 
shown in Chap. II. 

Another interesting point is that in order to denote the postulated 
action-specific emotions or feelings LORENz (pp. 384-385), referring to 
HeEr1nRoTH, proposed to use the term mood (Stimmung). It is curious 
to find that this technical term was originally intended to have a 
definite subjectivist connotation and that thereby the McDoucaLL 
link was explicitly maintained in the concept of instinct as defined by 
LoRENZ in 1935 (loc. cit., p. 384), although at the same time the exist- 
ence of instincts higher than bottom level (either driving agents or 
generators of emotion) was rejected. The only difference between the con- 
cepts of “‘mood” and “‘emotion”’ was a difference in hierarchical level. 

In subsequent papers by LoRENz (1937a, 1937b), and Lorenz and 
TINBERGEN (1938) mood was redefined as an objectivist concept in- 
dicating the internal, i. e. physiological, readiness of the animal to 
perform a specific instinctive action in a given stimulus situation. 
Fluctuations in this reactive readiness, viz. reaction-specific exhaustion, 
threshold-lowering and vacuum-activities, were ascribed to hypothe- 
tical reaction-specific stimulus generating substances of neurophysio- 
logical origin (reaktionsspezifische Erregungsstoffe). Further, the in- 
stinctive motor patterns or fixed action patterns (Erbkoordinationen) 
showing these fluctuations in reactive readiness were made equal to the 
nervous automatisms which at that time had just been discovered by 
von Ho sr (1935 and later years). One might even suggest that the 
direction in which LorENz’s ideas on instinct evolved was largely in- 
fluenced by the progress of neurophysiology!. From the sociology of 


1 For example, the term Leerlaufreaktion (indicating both spontaneity and reac- 
tivity of behaviour) is a typical contradiction in terms and can be understood only if 


(see cont. p. 198) 
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science it is known that such relations between different sciences often 
occur and that as a rule scientists are not conscious of them. ‘TINBERGEN’S 
statement (1951, p. 72) that ‘‘the work in thé two fields was done in- 
dependently” does not take into account such hidden influences from 
one science to another. In fact it seems that neurophysiological orien- 
tation in ethology has hampered the recognition of hierarchy, in exact- 
ly the same way as the former reflex theory hampered the recognition 
of spontaneity in behaviour. 

Owing to these tendencies in ethological thinking, the idea of hier- 
archy was pushed more and more out of sight. No other hierarchical 
level of instincts except bottom level was recognised. The animal was 
considered to be an atomistic conglomerate of fixed patterns, each 
equipped with its own reaction-specific energy and its own appetitive 
behaviour but without any co-ordinating mechanisms governing them, 
except mutual inhibition at bottom level. 


EMerarchy rediscovered by BAERENDS (1941) 


In 1941, however, hierarchy was rediscovered when BAERENDs found 
evidence of a rather complicated system of moods in the female digger 
wasp. Four levels of moods were distinguished, with the restriction 
that with regard to the highest level (the parental mood) only indirect 
arguments were available. Each mood was characterised by the fact 
that a female digger wasp when in this mood tends to perform any one 
activity of a group of activities, or may be easily induced to perform any 
of these activities. Subordinate to each mood (except the bottom level) 
a number of lower order moods was distinguished, representing in their 
turn a more specific readiness for a sub-group of activities, or for a single 
activity. 

Anessential featurein BAERENDs’ account is that mood was defined as 
‘fa condition (of the animal) in which internal factors determine the 
direction of behaviour” and that “‘it is not at all easy to get a wasp out 
of her mood” (translated, loc. cit., pp. 199 and 201). A hierarchy of 
moods therefore means a hierarchy of internal driving factors. Further, 
BAERENDS links up the concept of mood with the concept of appetitive 
behaviour when stating: ‘‘It seems indeed that each mood has its own 
appetitive behaviour, and this applies to the first order mood as well as to 


(cont. note p. 197) 

one knows that it was formed in an earlier period when LorENz was an adherent of 
ZIEGLER’S reflex theory. Further it is an interesting fact that LoRENz’s successive papers 
in those years paid increasing attention to vacuum-activities and allied phenomena in 
the same degree as the progression of von Hotst’s investigations. In ethological 
interest there has been a gradual shift from “‘stimulus”’ to “‘drive” and from external to 
internal causes. This shift seems to have followed up a preceding similar shift in 
neurophysiology. 
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the second, third and fourth order moods.” (Translated, loc. cit., p.206.) 
Consequently a hierarchy of moods is at the same time a hierarchy of 
appetitive behaviour patterns. It seems therefore that BAEREND3’ con- 
cept was almost identical to Korrianpt’s hierarchy of ‘‘appetites’’, 
although the two were conceived independently of each other. Further, 
BAERENDS did refer to PortieELJe’s work and tried to clarify the points 
of view taken on both sides. 

Actually, however, there is some difference between the formulations as drafted at 
that time by Barrenps and by KortLanpr. In BAERENDS’ conception the goal of 
first-order appetitive behaviour is to put the animal into a situation where it may 
“choose” between different sets of appetitive behaviour belonging to the second 
level, and the goal of second-level appetitive behaviour is to make a choice at the 
third level, and so on. This means that first-order appetitive behaviour is thought to 
cease as soon as second-order appetitive behaviour starts, and this in its turn is 
thought to cease at the start of the third-order one. In KorTLANpD?’s scheme, on the 
other hand, second-level appetitive behaviour is conceived to form a constituent part 
of first-level appetitive behaviour because it is employed by the animal as a means 
to attain the first-order goal. Further, third-level behaviour is considered to be a 
part of second-level as well as a part of first-level behaviour. (E. g., bringing twigs, 
inserting twigs, quivering, raiding a nest, etc., are all used as means to satisfy the 
need for a nest.) Perhaps the difference between the two authors may be only a 
terminological one but it may also conceal some unseen implications leading to 
different opinions with regard to the goals for which the animal is supposed to be 
striving. In this regard a later study by BAERENDs and BAERENDS-vAN ROON (1950) 
presents no new points of view. For the rest, LORENZ (1954, p. 140) when summarising 
BAERENDS’ conception, used the expression ‘‘Ineinanderschachtelung”’ which term 
may be considered practically synonymous and homonymous with KorTLANDT’s 
and MaAstow’s formulations, whereas BAERENDs’ formulation might more properly 
be called an “‘Untereinanderschachtelung”’. 


‘*Fherarchy of causal factors’ as conceived by TINBERGEN (1942) 
The next step with regard to the concept of hierarchy in ethological 
theory was taken when TINBERGEN (1942) described what he called a 
‘“‘hierarchy of causal factors’ in the Three-spined Stickleback (Gas- 
terosteus aculeatus L.). In his account, however, an essential feature of the 
concept as it was formulated by BAERENDs was omitted. There may even 
be some doubt whether the term hierarchy is fully justified in this case. 
In spring a male stickleback will settle down in a suitable territory. 
Quoting from TINBERGEN’s description (loc. cit., pp. 55-56) “the per- 
ception of a suitable territory — provided certain other factors are also 
active — brings the male into a reproductive mood. That 1s to say, it is 
ready to fight other males with which it lived in peace during the win- 
ter, and it is ready to build a nest, and afterwards, to show sexual be- 
haviour toward females... Given the factors that bring the fish into 
the reproductive mood, other additional factors decide whether it will 
come into a fighting or a building ‘‘sub-mood”’. This phenomenon could 
be described as a hierarchy of moods or of drives... A stickleback in 
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fighting mood is ready to perform several activities, dependent on the 
nature of external situation. A strange male in the territory evokes an 
attack; if it flees, the owner of the territory gives chase. If it does not 
flee, it is bitten. If it fights back, it is attacked with the help of the 
ventral spines. At the territory’s boundary, the presence of a male 
evokes threatening.” 


The fallacy of ‘TINBERGEN’S conception 

By putting it in this way TINBERGEN waters down the concept of hier- 
archy into a classification of IRM’s instead of a true hierarchy of internal 
driving factors as conceived by BAERENDs. In fact nothing else is proved 
except that chasing is released by the sign stimulus “‘fleeing strange 
male inside territory’, that biting is released by the sign stimulus “‘non- 
fleeing strange male inside territory’, that fighting with the spines is 
released by the sign stimulus “‘fighting strange male inside territory” 
and that threatening is released by the sign stimulus “‘strange male at 
the territory boundary’. Evidently there are common elements in 
these four sign stimuli but no proof is given of a common component in 
the nervous mechanisms responding to these sign stimuli. One might 
imagine the possibility that their working corresponds to the following 
scheme: (Fig. 8) 


Fleeing Non-fleeing Fighting Strange 0 


strange & strange 0 strange d at 


Sign stimulus: 


inside 


inside inside territory 


territory 


territory territory boundary 


Nervous mechanism: 


Reaction: Chasing Biting =| [Fishing 
8 
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Threatening 


There do exist at least some cases in which we are pretty sure that a 
common component in the stimuli by which two different forms of 
behaviour are elicited does not prove a hierarchical relation between these 
two. For example, in male predatory mammals, blood-stains may elicit 
food-seeking as well as sexual behaviour. Nevertheless it seems quite 
certain that in this case there is no reason to postulate a superordinate 
IRM or other instinctive mechanism embracing both food-seeking and 
sexual behaviour. 


Moreover in TINBERGEN’s account of aggressive behaviour in the 
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stickleback no reference is made to possible internal factors determining 
the direction of behaviour and no factual evidence is given in favour of 
a common source of energy or other motivating connections uniting 
these reactions in the nervous organisation of the animal. Whereas 
according to BAERENDs a sub-mood may determine the “‘choice’’ of the 
reaction, ‘TINBERGEN (1942) seems to consider this ‘‘choice”’ as being 
determined exclusively by external stimuli. In his account no indication 
is given whereby there exists any special interdependency between the 
four IRM’s of aggressive behaviour. It is difficult indeed to see any 
real difference between this concept and LoreNz’s atomistic system 
of independent instinctive actions lacking superordinate co-ordinating 
mechanisms higher than bottom level. For the rest, postulating a hier- 
archy of IRM’s based upon common components in their releasing 
sign stimuli fails to take into account the configurational (Gestalt) 
character often found in sign stimuli, as far as the law of heterogenous 
summation (SEITZ 1940) does not apply. 


It is true, in TINBERGEN’s paper some contradictions may be found pointing to an- 
other interpretation taking into account internal factors as well. On p. 58 a state- 
ment is made with regard to the fighting drive in the stickleback, according to which 
“the internal factors decrease the threshold for external stimulation of all kinds of 
fighting activities’. At this crucial point, however, no further supporting argument 
is given. On p. 56 on the other hand, threshold lowering for all fighting behaviour is 
attributed to an external factor (“‘when stimulated by another male’’). It seems there- 
fore that in TINBERGEN’s view internal driving factors provide at most only an addi- 
tional instead of an essential proof of the existence of hierarchy. The criticism made in 
this paper, however, implies that, on the contrary, the essential feature of hierarchy 
is a hierarchy of internal driving factors urging towards satisfaction, 1. e. a hierarch- 
ical system of instincts in which each instinct at any level has its own rate of threshold 
lowering, its own appetitive behaviour and its own goal?. 

For the rest, there are cases in which the type of “‘causal hierarchy”’ postulated 
by TINBERGEN cannot be applied at all. For example, in mature male herons and 
cormorants all sexual behaviour is restricted to the nesting territory, with the sole 
exception of copulation itself. Evidently the sign stimulus evoking copulation is in 


1 Evidence pointing to a type of hierarchy in which each instinct at any level shows 
its own independent rate of threshold heightening and lowering has been given recently 
by vAN IgrsEL (1953) in his very detailed analysis of the parental drive in the stickle- 
back. For somebody who is not familiar with this species it is, however, not easy to fol- 
low vAN IersEL’s argument. The question might be raised whether, in investigations 
of this kind, argument can be considered complete if not supported and checked by 
factor analysis, multiple correlation computation, confluence analysis, or other statis- 
tical techniques. Apart from these remarks, the impression seems justified that by vAN 
IgRsEL’s work (especially on p. 137 and p. 147) good reasons have indeed been pro- 
duced to assume a hierarchy of instincts in the stickleback, although vAN [eRsEL him- 
self judges the existence of a “reproductive instinct” in the stickleback to be still in- 
sufficiently proved. (Personal communication.) Anyhow, if we define hierarchy as has 
been done by BarrEnps, it must be admitted that TINBERGEN has never proved the 
existence of this type of hierarchy in the stickleback. 
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this case more simple than the sign stimuli evoking sexual behaviour in general, in- 
stead of being more specialised as TINBERGEN’s theory would require; nevertheless 
there can be no doubt that copulation is a constituent part in the hierarchical organ- 
isation of sexual behaviour. (For the sake of completeness it may be added that in 
the male cormorant, copulations outside the nesting territory are not necessarily duc 
to threshold-lowering. ) 

Another contradiction in TiNBERGEN’s paper is that he acknowledges the major 
instincts as recognised by McDouca.t and the hierarchy in appetitive behaviour as 
recognised by BAERENDS to be contributions fitting his own conception of hierarchy. 
By doing so he overlooks the fact that, in MaDoucatu’s concept, a number of in- 
stincts are not satisfied by a consummatory act but by a consummatory object or 
situation. He also overlooks that, in BAERENDs’ concept, a hierarchy is defined as a 
hierarchy of internal factors. It seems therefore that TINBERGEN, by including in his 
concept of hierarchy all cases of common causal factors evoking different forms of 
behaviour, intended to generalise the concept more widely than hitherto, for we 
cannot assume that he was unaware of the essential divergences?. It is the present 
writer’s opinion, however, that the concept of hierarchy of instincts ought to be 
restricted to cases in which there is plausible evidence of a hierarchical organisation 
of co-ordinating and integrating factors active in the nervous mechanisms underlying 
behaviour. If this restriction is exceeded the concept may lose much of its fruit- 
fulness to analytical research. 


Ferarchy of nervous mechanisms not proved by TINBERGEN 


In his later papers on the subject, TINBERGEN (1950, 1951, 1952) main- 
tains the essence of his concept according to which hierarchy is proved 
iftwo or more reactions are dependent on a common causal factor, either 
external, internal, or both. At the same time, however, a new element 
is added to the concept: the common causal factor is now definitely 
attributed to a nervous centre and the presence of such a centre is consid- 
ered to be proved (or at least rendered probable) on the evidence 
provided by the behaviour of the stickleback described above (Tr1n- 
BERGEN 1950, pp. 306-307; 1951, p. 103). Further, the concept of in- 
stinct is tentatively defined as ‘‘a hierarchically organized nervous 
mechanism”’ etc. (1951, p. 112). The impression seems justified that 
this revision of the concept is due to, or influenced by, neurophysiolog- 
ical investigations of Weiss (1941), Hess et al. (1943, 1944), and 
BRUGGER (1943) pointing to a hierarchy of nervous centres. Here again 
ethology seems to follow the lead of neurophysiology instead of taking 
its Own Course. 

In this connection it may be interesting to consider in more detail 
the tenor of the neurophysiological evidence?. It appears that the 
investigations just quoted suggest an efferent hierarchy of motor me- 


* In order to be consistent, in TINBERGEN’s concept, it would be necessary even to 
include under the heading of hierarchy all cases in which one and the same stimulus 
causes different reactions (e. g. ambivalent behaviour). 

* The original papers are so full of data relevant to the problem of hierarchy that 
no attempt to summarise them will be made here. (See also pp. 210, 212, 247, 257) 
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chanisms, or a hierarchy of factors responsible for threshold lowering, 
vacuum activities and appetitive behaviour, i. e. a hierarchy of appe- 
tites and goals as described by BArRENDs and Kortianpt. No argu- 
ments can be derived from them pointing to a hierarchy on the afferent 
side of behaviour, or a hierarchy of releasing factors as postulated by 
TINBERGEN in his more extended concept of hierarchy. Further, HEss 
himself has always been too careful to make any definite implications 
or conclusions at these points. 


In our argument we have now advanced so far as to realise that a 
common factor found in two (or more) sign stimuli is in itself not suffi- 
cient proof of a nervous hierarchy. The same, however, also applies to 
a common component in internal drives. At first glance this point may 
not be obvious and therefore some explanation should clarify it. 


According to TINBERGEN (1952) a “‘broody”’ herring gull will perform different ac- 
tions which “‘are all dependent on broodiness in general. Broodiness is the state into 
which the bird is brought by prolactin, and, probably, by some external stimulus 
as well, but the pattern to which it gives rise is varied and consists of at least three 
types of response each governed by its own releasing stimulus situation.”’ (Loc. cit. 
p. 4. ) This state of affairs was put forward as an argument pointing to a hierarchical 
structure in the brooding instinct. One could imagine the possibility, however, that 
prolactin exerts a stimulating influence upon behaviour patterns which for the rest 
are working entirely independently of each other, and therefore in this case nervous 
hierarchy has no more been proved than in the case of the stickleback. Effects like 
these may be exerted even if there is no CNS at all. 

Now of course it is possible to widen the concept of nervous mechanism so far that, 
for example, prolactin is considered to be a component of a nervous mechanism 
rather than of a motivational mechanism. Such a possible redefining, however, will 
have far reaching conceptual implications. A hormone is not an instinct, after all. 
This point may be illustrated by the following example. It is a well known fact that 
a man who has drunk too much alcohol will show an increased readiness to laugh, 
to weep, to become angry, or sentimental, or sexually motivated, and so on. Accord- 
ing to TINBERGEN’s definition such a state of readiness caused by one causal factor has 
to be called a mood, and in this case one might speak of an alcoholic mood. Never- 
theless, it seems difficult to see in these facts sufficient reasons for postulating a general 
superordinate instinct provided with an accessory hierarchical nervous organisation 
and especially susceptible to stimulation by alcohol. Thus apparently a hierarchy of 
internal causal factors is in itself not sufficient proof of a hierarchy in nervous 
mechanisms, unless the concept of nervous mechanism were redefined so widely and 
so vaguely that it would become nearly meaningless. In other words, in TINBERGEN’s 
concept the essential and the accidental features of the notion of hierarchy are inter- 
changed. 

Independent of the present writer, HinpE (1953, pp. 198 and 214) has tentatively 
expressed some of the criticism given above. After having summarised TINBERGEN’s 
arguments pointing to a hierarchy of causal factors, he states: (p. 214) “This hier- 
archy of causal factors, which can be objectively determined, is exhibited in the 
behaviour of the animal as a hierarchy of moods... In correlation with the different 
sets of stimuli to which the animal is susceptible, it shows different types of appetitive 
behaviour... It seems legitimate to assume that each form of appetitive behaviour 
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is dependent on a particular set of nervous mechanisms, or pattern of nervous activ- 
ity.” Thus, starting with TINBERGEN’s conception (viz. a hierarchy of sets of causal 
factors), Hinpr returns to BAERENDS’ conception (viz. a hierarchy of sets of appetitive 
behaviour), at the same time postulating (but not proving) that the last one is cor- 


related to the first one. In this way, however, the actual problem and its logical 
sequence is turned topsyturvy: definite proof of the existence of a nervous hierarchy 
can only be given (except by neurophysiological evidence) by proving the existence 
of a hierarchical organisation in appetilive behaviour or by proving the existence of a 
hierarchy of moods responsible for appetitive behaviour. The question whether there 
is, or is not, a correlation between the “‘hierarchy of causal factors’’ on the one hand 
and the hierarchy of appetites on the other hand has to be considered next. As 
already mentioned above, when discussing copulatory behaviour in the heron and 
the cormorant, there are cases in which such a correlation does not exist and then an 
indirect argument as given by HINDE cannot be maintained. 


Ultimately therefore it may be concluded that the concept of hierarchy 
is appropriate only if, by careful analytical research, evidence is found 
pointing to a hierarchical organisation in the co-ordinating and inte- 
grating factors which are responsible for directiveness in behaviour. Such 
a hierarchy is a hierarchy of factors determining the excitation, course 
and outcome of appetitive behaviour. In other words, hierarchy is 
essentially not a matter of drives but of goals. True hierarchy is, so to 
speak, not found on the primal but on the terminal side of behaviour, 
as far as such a distinction can be made. By formulating the concept in 
this way a link is made with its connotation in ordinary language, 
which implies that in a hierarchical organisation (e. g. a ministry or 
an army) each branch of service has its own task and target but at the 
same time receives its directives from the higher levels of the organisa- 
tion which are in turn responsible for the higher targets consigned 
to them. 


Essence of divergence on hierarchy between ‘TINBERGEN and KORTLANDT 


It is particularly the directive aspect of hierarchy which many ethologists 
have shown a reluctance to recognise. From CANNON onwards (rst ed. 
1915) a vast amount of research has been done on the nature of hunger 
in general, on specific hungers in particular, and on the motivational 
effects of general or specific hungers. Nevertheless in 1937-a LorENz 
still wrote: ‘“The desire to hunt, the appetite for the instinctive actions 
involved, occurs absolutely independently of the state of the animal’s 
hunger... A grebe, for example, hunts for hunting’s sake and does not 
perform these reactions more intensively when it is hungry.” (Trans- 
lated, loc. cit., pp. 316-317.) In support of this argument he added that 
a grebe will die of hunger if it cannot obtain its food in the natural way. 
(Actually, however, any adult grebe captured in the wild can learn to 
take dead fish from a food-dish within one or two days, according to 
this writer’s experience.) In 1939 LorENz even went so far as to claim 
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that not only in animals but also in man the motive for earning one’s 
bread is found in crumbling and biting instead of feeding (loc. cit., 
p. 87). In 1953 he stated jokingly that a fat man does not go to table 
for the purpose of becoming still fatter! (loc. cit., p. 1566.) It is hard to 
believe that such scientific argument can be produced in a world where 
millions of people are constantly suffering from want and starvation, in 
a world which might easily produce an abundance of chewing gum and 
similar stuffs. 

Likewise in 1951 TINBERGEN again wrote: ‘The performance (of a 
consummatory act) seems to ‘satisfy’ the animal, that is to say, to 
bring about a sudden drop of motivation... Lorenz has pointed out 
that the end of purposive behaviour is not the attainment of an object 
or a situation itself, but the performance of the consummatory action... 
Even psychologists who have watched hundreds of rats running a maze 
rarely realize that, strictly speaking, it is not the litter or the food the 
animal is striving towards, but the performance itself of the maternal 
activities or eating.” (loc. cit., pp. 105-106). No further argument was 
given at this point. No mention was made of TINBERGEN’s compatriot 
PorTIELJE who as long ago as 1938 had recognised that hunting behav- 
iour may originate either from a need for food or from a (more or less 
specific) “‘urge to hunt’? and who thereby recognised the hierarchical 
organisation of feeding behaviour. Nor was mention made of other 
authors on this topic, whether dealing with hierarchy, or with motiva- 
tional studies, or with specific hungers, or with veterinary research on 
food-intake. No serious argument was put forward by TINBERGEN at 
this crucial point, nor has such an argument ever been given by LORENZ, 
as far as this writer knows. This state of affairs is especially surprising, 
because the dogma according to which an instinct can be satisfied 
exclusively by means of a consummatory act has always been precisely 
the essential point of divergence between ethologists and other workers 
on instinct on the Continent of Europe, apart from some philosophical 
framework that may be considered only metaphysical embellishment. 
To be sure, nobody will doubt that there do exist some instincts which can be satisfied 
exclusively by the performancé of a consummatory act. The copulatory instinct 
provides a good example, for we know that the presence of sperm, or oestrus, is not 
required for the excitation of the drive, so there must be another source of endogenous 
motivation causing threshold fluctuations. In other instincts, however, things are 
quite different. 

As a matter of fact it is fairly easy to prove that Lorenz’ and TinBERGEN’s state- 
ments with regard to feeding behaviour (quoted above) are at least partially wrong. 
For example, a young cormorant when being fed by man will continue to beg for 
some time after having swallowed the food and will stop begging apparently as soon 
as the food has arrived in the digestive area of the stomach. If the young bird is 
forced to regurgitate its food it will very soon start begging again, so evidently it 
cannot be satisfied by eating without digesting food. Therefore the young bird’s 
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“goal” is not (or not only) eating and swallowing, but (also) alleviating hunger 
pangs. In other words, superordinate to possible appetites directed toward the per- 
formance of eating and swallowing, a top-level appetite directed towards a full 
stomach has to be postulated. Further, as early as 1934, HAUsMANN proved by means 
of artificial physiological “‘leaks”’ that, in rats, the amount of feeding on carbohydrates 
depends on actual tissue needs. Similar and other evidence with regard to mammals 
has been extensively reviewed by Younc (1941). Further, as a result of learning 
experiments in chickens, WoLFE and KapLon (1941) could separate the rewarding 
influences exerted by the food itself and by the consummatory activity. Moreover, 
Janowitz and GrossMAN (1949) have demonstrated that in dogs with esophagostomy 
and gastric fistula the amount of oral food intake is largely controlled by the amount 
of intragastric feeding, provided that oral false feeding proceeds at the same time as 
intragastric feeding. (See also Chapter II, pp. 186-187.) HinpE (1953, pp. 208-209) 
although unprepared to draw a definite conclusion, has given an analogous argu- 
ment with regard to the Great Tit (Parus major L.). Evidence from animal husbandry 
referring to cows has been summarised by HANcock (1953) as follows: ‘“‘Despite a 
statement by JOHNSTONE-WALLACE, based on rather scant observations, to the effect 
that the time spent grazing was almost constant, even when the available feed varied 
between 250 and 1000 lbs. per acre, it is now fairly well established that cows graze 
longer hours when little grass is available to them, either on a per cow or per acre 
basis or both, than when the pasture is ample in all respects. Thus it was found that 
cows grazing on a ley with short grass, grazed for more than two hours longer than 
when grazing on another ley with grass 6-8” long... Cows consumed about one and 
a half times as much young leafy pasture ona fresh weight basis as stemmier material, 
although the difference in dry matter intake was negligible... In one series of obser- 
vations JOHNSTONE-WALLACE and KENNEDy found that, while the dry matter intake 
fluctuated from 32 to 10 lbs. per cow, the grazing times remained almost constant. . . 
The same authors and others also reported that the stage of lactation, individual 
milk yield and live weight appeared to have no relation to the time cows (within a 
herd) spent in grazing. However, in a recent New Zealand trial it was found that, 
in each of four fortnights, there were highly significant correlations between grazing 
times of individual cows and their theoretical feed requirements for production and 
maintenance. In this trial twenty animals (ten sets of identical twins) were observed 
simultaneously for six 24-hours periods in each fortnight. It can perhaps be concluded 
that within a herd a distinct relationship between grazing time and theoretical feed 
requirements does exist, but that individual differences in grazing efficiency (feed 
intake per unit of time) and day-to-day variations in grazing time are of sufficient 
importance to obscure such relationship unless a great number of cattle are observed 
several times at close intervals.” (Loc. cit., pp. 4, 5 and 6.) For the rest, Hancock in 
his review stresses also that grazing times are longer if the quality of the grass is 
better (low fibre content), which phenomenon produces an opposite effect as com- 
pared to the relationship quoted above. Apparently in this case palatability plays a 
role. Further, an important point of view is that “cattle, given time, will change 
their habits to a considerable extent in order to meet changes in their environment”’. 
(Wockcits ras rin) 


From all this evidence there seems no doubt that, at least in the higher 
vertebrates, eating, swallowing, hunting and similar activities (perhaps 
also drinking) are hierarchically subordinate to the appetite for food instead 
of being determined exclusively by the appetites for discharging fixed 
motor patterns. For the rest it would be incredible, from a general 
biological point of view, if there were no adaptation at all of the ani- 
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mal’s food intake to its physiological needs. One can only wonder there- 
fore, that Lorenz and TinBerceEn have never tried experimentally to 
check up the validity of their somewhat revolutionary ideas on this 
point, instead of formulating dogmatic statements such as quoted 
above. 

What has been argued here with regard to food-seeking behaviour, 
applies mutatis mutandis to several other instincts. From investigations 
on dominance and submissive behaviour, especially in mammals, we 
know that the goal of fighting in many species is not so much fighting in 
itself but rather to establish a social organisation which makes fighting 
superfluous. Here the goal is not an ‘‘object’’ (as in feeding) but a 
social “‘situation”’. Similarly the goal of pair-forming behaviour in the 
cormorant is a marital “‘situation”’ which makes pair-forming behaviour 
superfluous. In nesting behaviour on the other hand, the top-level goal 
is to accomplish an ‘‘object’? which makes nesting behaviour super- 
fluous. Ultimately, in these instances, it is mainly the presence or ab- 
sence of an object or situation which satisfies or creates the drive. All 
these facts have never been taken into consideration in the ethological 
concept of hierarchy, and it is exactly this state of affairs which has 
hampered ethologists in recognising the full implications of the prin- 
ciple of hierarchy. 


Recently, however, a turning point seems to have been reached as a result of an 
ingenious investigation in Salticids by DREEs (1952) and PrecHT (1952). These 
authors demonstrated the existence of an appetite for food (Hungertrieb) and a sex- 
ual appetite (Geschlechtstrieb) together with a ‘“‘container”’ (Reservoir) of instinctive 
energies. The first two appetites may be put on an equal footing with McDoucatt’s 
concept of top-level instinct (except for the MaDoucatz link discussed in’ Chap. II) 
whereas the “‘container’? may be regarded about equal to a top-level instinct as 
conceived by TINBERGEN. Further, DREEs and Precut showed that various activities 
(hunting, courtship, nest-building) are all driven by impulses which flow out from 
this one ‘‘container’’, whereas the release of these activities depends on the strength 
of the hunger and sexual tendencies. (Terms ‘‘impulse”’ and “‘tendency”’ as defined 
in Chap. II of this paper.) Finally the reloading of the “‘container”’ appears to depend 
on the strength of the hunger and sexual tendencies. In other words the whole 
system may be characterised as a sort of X-shaped combination of the type of hier- 
archy represented in Fig. 7 and the type represented in Figs. 2—6 in this paper. This 
conclusion means that the existence of instincts which cannot be satisfied by the per- 
formance of a consummatory act has now also been definitely proved in a non-verte- 
brate species, and further, it implies that the distinction between “‘satisfaction” and 
“abreacting’’ as made by Freup and adapted to the field of animal behaviour in 
Chapter II of this paper, applies also to a non-vertebrate species. (See p. 181.) 

Other authors who have definitely broken with the doctrine of the consummatory 
act are Basrock, Morris and Moyninan (1953, p- 73). According to them: “‘It 
would seem therefore that an adequate explanation of our examples demands some 
revision of ideas concerning the ways in which drive can be consumed... Our obsery- 
ations make it clear that, in some situations at least,... the postulation of consumma- 
tory stimuliseems necessary.” Further, MoyntHan and Hat (1954, p. 41) conclude 
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that gregarious motivation in the Spice Finch (Lonchura punctulata) is consumed by 
a consummatory situation. One wonders only why these authors present their ideas 
as a “revision” of ethological theory instead of frankly stating that they are converts 
to other schools which have always advocated these ideas on exactly the arguments 
advanced by these authors themselves. 

Quite recently two other adherents of the ethological school, HinpE (1954) and 
TuorPE (1954 b), have also crossed the demarcation line between ethology and 
other schools by stating that ‘‘a lowering of responsiveness is not necessarily due to 
the performance of an activity” (HinpDE p. 47) and ‘“‘consummatory situations are 
clearly demonstrated if we analyse carefully the process of, say, the building of a 
complex domed nest by a bird such as the long-tailed tit.”” (THORPE, p. 103). Both 
authors, however, stil] maintain that the impulse is only inhibited by a consummatory 
situation, instead of simply and consistently concluding that the impulse is actually 
consumed and that it is no longer produced due to the presence of a consummatory object 
or situation. Neither do these authors consistently conclude that an impulse can be 
generated by the absence of a consummatory object or situation such as Drees and 
Precut do. All this makes the concept more complicated than need be. The idea of 
“inhibition by consummation” sounds much like a contradiction in terms. The 
question: what becomes of the “‘inhibited”” impulse? will require an additional 
explanation, considering that no displacement nor threshold lowering is observed ; 
on the contrary, the ‘‘inhibited”’ impulse actually appears to have dissolved for ever. 


These points are essential in order fully to understand TINBERGEN’S 
concept of hierarchy. In his system of presumptions a very sharp dis- 
tinction is made between appetitive behaviour and consummatory act. 
In appetitive behaviour the impulse is supposed to be conducted down- 
ward from centre to centre, guided by external directing stimuli 
and without losing anything of its strength, until a situation is reached in 
which one or another IRM is met with and a consummatory act is 
released. In the consummatory act, on the other hand, the impulse is 
assumed to be discharged and consumed!. It will be clear that this 
theory necessarily implies a hierarchy of innate directing mechanisms 
leading impulses from the higher motivating centres to the centres of 
consummatory acts, 1. e. to the bottom level of hierarchy. But it will 
be clear too, that this implication wll not hold if it should be proved that 
an impulse can be consumed (or satisfied) by the attainment of an ob- 
ject or a situation, instead of being consumed by the performance of a 
consummatory act, for in that case we need not assume an efferent 
nervous conducting system in which all impulses necessarily lead up to 
a consummatory act, and by this TINBERGEN’s model would lose its 
inner consistency. Now the experiments on dogs with esophagostomy 
and gastric fistulae demonstrate that cases do occur in which the im- 
pulse is consumed or satisfied at the level of a top centre, and the same 
applies to nesting behaviour in the cormorant and other instances 


* The consummatory act seems to be the corner-stone of TINBERGEN’s theoretical 
system. For example the existence of a social instinct is rejected because there are no 
specific social consummatory acts, although there is social appetitive behaviour. 
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mentioned in this paper. Such cases prove that an impulse generated 
in a top-level centre can indeed be satisfied without running down 
the whole hierarchical system. At least there seems to be sufficient 
reason to doubt the validity of the assumption according to which an 
impulse can be discharged and satisfied only by means of a consum- 
matory act, and this conclusion gives a new setting to the problem. 
Further, HInDE (1953, pp. 190-194) has demonsttated that appetitive 
bee ee and consummatory act differ only in degree and not ab- 
solutely. Moreover, VAN IERSEL (1953, pp. 133-134) found that the 
performance of appetitive behaviour as well as a consummatory act 

may cause a drop in motivation. It may be added that TINBERGEN’s 
statement “‘a peregrine falcon in which the hunting drive becomes 
active, searches for prey until it is found” (1950, p. 307) is erroneous. 
If no food at all is found the bird will stop hunting long before it is 
physically exhausted: the drive becomes ‘‘abreacted”’ without being 
satisfied, as explained in Chap. II. At least, judging from my experience 
with cormorants, it seems quite certain that hunting behaviour shows 
the characteristics of a consummatory act (threshold lowering and 
nervous exhaustion), and yet at the same time hunting may serve as 
appetitive behaviour in order to satisfy the need for food. This means 
that hunting, as far as it is generated by a specific impulse for hunting, 
can be discharged and satisfied only be means of hunting itself, whereas 
hunting as far as it is generated by a need for food can be discharged 
and satisfied only by filling the stomach. Here again we see that the essen- 
tial feature of hierarchy is a hierarchy of goals instead of being a rather 
simple causal switch-board hierarchy for conducting impulses to their 
motor outlets, as conceived by ‘TINBERGEN. 

In other words, in TINBERGEN’s concept the ways conducting im- 
pulses downward are supposed to be hierarchically organised but the 
goals, i. e. the consummatory acts, are definitely not. In this respect he 
has maintained the original rejection of hierarchy as formulated by 
LorENz (1935) and cited earlier in this chapter, to quote: “‘In animals, 
or at least in birds, I cannot see any possibility of distinguishing between 
high order instincts and low order instincts as has been done by McDouc- 
ALL.” In McDoucatv’s doctrine the essential feature of instinct isits goal 
and in TINBERGEN’s doctrine no other goals are recognised than bottom- 
level goals. One might say, therefore, that until now, TINBERGEN has 
continued to deny the very essence of the idea of hierarchy of instincts. 

In KortLanp1’s concept, on the contrary, not only the ways conducting 
impulses downward, but also the goals (i. e. the acts and situations Pen 
may extinguish an impulse) are assumed to be hierarchically organised. 
In other words, in this concept it is not necessarily implied that an 
impulse generated in a top-level centre will run through the whole 
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hierarchical system until the bottom: the impulse may be satisfied 
half-way through the system (as in cases in which a cormorant 1s 
“hunting” dead fish and swallows them without making munching 
movements) or even at the top (as in intra-gastric feeding of dogs, or 
if a cormorant stops building after having stolen a nest). The examples 
mentioned here, and many similar ones, seem to be inconsistent with 
TINBERGEN’S switch-board model, unless supplementary hypotheses are 
postulated. Instead of more theorising, it may be better to drop the 
idea according to which satisfaction can be attained only by a consum- 
matory act and not by an object or a situation. 


Other points of divergence 

Further, in TINBERGEN’s concept, all centres higher than those at the 
level of the consummatory act are considered to be only switches and 
generators of nervous energy, without attributing to them any co- 
ordinative or integrative effect. In this respect too, the higher levels 
are assumed to be of an entirely different nature as compared to the 
bottom one. (See the distinction beween “‘inhibitive” and ‘‘coordina- 
tive” interrelations made on the right of Fig. 98 on p. 125 in TINBER- 
GEN’s book.) In KorrLanpt’s concept on the other hand, all centres 
(“appetites”) are assumed to act as co-ordinating and integrating 
agents. As put forward in Chap. II, pp. 190-192, this assumption is 
founded, inter alia, upon the fact that the highest activated appetite 
appears to promote normal variability of behaviour at a level just 
below it, but appears to suppress the normal variability of behaviour at 
the lower levels. In other words, KorTLANDT’s findings on this point 
harmonise very well with neurophysiological evidence gathered by 
Wess, and by Hess, BRUGGER, et al., whereas TINBERGEN’s concept 
diverges from it and leads to the assumption of two different types of 
hierarchy, viz. an instinctual one characterised by mutual inhibition, 
and a neurophysiological one, characterised by mutual integration. 
(See Fig. 98 in TinBERGEN’s book: above and below the thick black 
line respectively.) For the rest, there is no need to state that in many 
cases integration as conceived by Korrianpr will be actually identical 
to inhibition as conceived by TrBerGEN, for the integrational process 
may consist of a choice between different means as well as a combina- 
tion of different means leading to a goal. In such cases there exists no 
real distinction between these aspects. 

A similar divergence between the two authors is found at the afferent 
side of the problem. According to TinBeRGEN the IRM of a super- 
ordinate instinct is always less specialised (i. e. less selective) than the 
IRM of a subordinate instinct. According to Korrianpt on the con- 
trary, in his terminology, a superordinate appetite is as a rule more 
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selective and can be satisfied only by a more specialised object or situa- 
tion in comparison with a subordinate appetite of the same hierarchical 
system. 


At first glance this antithesis will seem rather surprising and, moreover, easy to solve 
by means of fact-finding research. On closer examination, however, the divergence 
will be found to be highly interwoven with general theory and for the rest it will 
appear to be due to a terminological inconsistency on TINBERGEN’s part. In order to 
understand this point, one must again bear in mind that in ethological theory a very 
sharp distinction is made between “‘appetitive behaviour” and ‘‘consummatory act”. 
In a non-hierarchica! system this distinction can quite easily be understood. In this case 
appetitive behaviour is characterised by the following features: (1) it is highly adap- 
tive and plastic according to environmental circumstances, (2) it is guided by innate 
directing mechanisms, (3) its does not contribute to the satisfaction of the animal’s 
need. A consummatory act, on the other hand, is characterised as follows: (1) it is 
entirely rigid, (2) it is released by an innate releasing mechanism, (3) it brings about 
satisfaction. In a hierarchical system, however, the distinction between appetitive 
behaviour and consummatory act is less comprehensible. In this case, according to 
TINBERGEN, appetitive behaviour is characterised by the following features: (1) as 
shown above, (2) at the switch-points (or centres) the choice between different 
courses of appetitive behaviour is taken to be guided by innate releasing mechanisms, 
(3) as shown above. The features of consummatory acts in a hierarchical system are 
the same as above, because they are taken not to be arranged hierarchically!. 

Owing to this terminological inconsistency, TINBERGEN is lead to assume a hier- 
archy of IRM’s in which, naturally, the IRM ofa superordinate instinct is always 
less specialised and Jess selective than the IRM’s of the instincts subordinate to it. 
If, however, the technical meaning of the term IRM is restricted again to its original 
connotation in ethology, namely that the IRM is the mechanism by means of which 
the process of discharge and satisfaction is released, all IRM’s in TrnBERGEN’s scheme 
appear to be arranged at bottom-level and nothing of their hierarchy is left. In that 
case the ethological postulate according to which discharge and satisfaction occur 
always at bottom level comes to light again. 

In KortLanpt’s conception on the other hand, the goals (i. e. acts as well as ob- 
jects and situations which cause discharge and satisfaction) are taken to be arranged 
hierarchically, and consequently in most (but not ali) cases the object or situation 
required to satisfy a superior appetite is a coalescence or fusion of the objects and 
situations required for satisfying the subordinate appetites. This implies that in most 
cases (but not always) the object or situation required to satisfy a superordinate 
appetite will be more specialised than those required to satisfy a lower appetite. For 
example, quivering movements can be made with nearly any small object, inserting 


1 In TINBERGEN’s Considerations one searches in vain for an argument explaining why 
hierarchical appetitive behaviour is supposed to be guided by releasing mechanisms, 
whereas non-hierarchical appetitive behaviour is supposed to be guided by directing 
mechanisms. Perhaps this inconsistency can be explained by historical circumstances. 
As expounded earlier in this paper, BAERENDs recognised in the digger wasp a true 
hierarchy of internal drives, i.e. a hierarchy of appetites requiring satisfaction. In the 
framework of his findings the supposition of a hierarchy of IRM’s could be justified. 
TINBERGEN afterwards extended BAERENDS’ conception to a hierarchy of external factors. 
Presumably he did not realise that by doing so, the hierarchy of IRM’s became trans- 
formed into a hierarchy of innate directing mechanisms or at least an ambiguous hier- 
archy which cannot be considered a true hierarchy at all. 
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can be accomplished only by using long, thin and stiff objects, and inhabiting a nest 
is possible only by owning one. In order to prevent confusion KoRTLANDT did not 
use the term IRM at all, but apart from this, it will be clear that essentially a true 
hierarchy of IRM’s was postulated, whereas in TINBERGEN’s conception there is 
something like a hierarchy, but not of IRM’s. Consequently KorTLANDT’s concep- 
tion can explain increasing selectivity during maturation, whereas TINBERGEN’s 
cannot. As a matter of fact, in TINBERGEN’s expositions the ontogeny and maturation 
of hierarchical systems have not been dealt with at all. 

Convergent evidence of similar tenor pointing to a higher selectivity and specialis- 
ation at the higher levels can be found in the neurophysiological investigations of 
Hess, BRuGcER, et al. For the rest, it will be remembered that the ideas advocated 
here have been largely derived from FReup on the one hand and Portierje on the 
other hand. Moreover, the validity of these ideas has been proved in human 
psychotherapy. 


An attempt at reconciliation 

There is one point with regard to which the gap between the contro- 
versial views discussed here may be fairly easily bridged by creating 
terminological clarity. This point may be illustrated by means of some 
simplified examples serving as models of thought. Let us suppose that 
an animal employs two consummatory activities, called A and B, the 
performing of which has appeared to be dependent upon one or an- 
other common causal factor. Now with regard to the type of hierarch- 
ical interrelation there exist three basic possibilities: 

1. Let us assume that performing A leads to threshold heightening 
in A but not in B, and moreover that performing B leads to threshold 
heightening in B but not in A. In this case apparently A and B are not 
dependent upon a common source of nervous energy and therefore the 
term hierarchy should not be used at all even in cases in which A and B 
are dependent upon a common hormone or a common component in 
their releasing stimuli. In other words, if this proposal finds acceptance, 
the term hierarchy will be restricted to cases in which evidence has 
been found of a common charging or loading factor, and the term will be 
excluded in cases in which only common znitiating, augmenting and trig- 
ger factors have been found. In a terminology referring to purposiveness 
one may state that A and B have no common goal, because satisfying 
A does not satisfy B and vice versa. (See Fig. ga.) An example of this 
type of interrelation is obtained if, in the cormorant, advertising dis- 
play is called A and copulation is called B. 

2. Now take the case that performing A leads to threshold height- 
ening in A as well as in B, both in the same degree, and, moreover, that 
performing B leads to threshold heightening in B as well as in A, both in 
the same degree. In this case, apparently, A and B are both dependent 
upon one single source of nervous energy?. Or in other words, changes in 


1 In this context, displacement phenomena are left out of account. 
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internal reactive preparedness for A and B appear to be entirely due to 
one single charging factor. Therefore in this case only one single ‘‘instinct”’ 
(not a hierarchy of instincts) should be postulated. In addition to this, 
however, a hierarchy of motor outlets subordinate to this instinct should be 
postulated. In a terminology referring to purposiveness one will postu- 
late only one goal but two means of satisfaction. In the cormorant this 
type of organisation is approximated if wing-flapping is called A and 
gargling is called B, provided that all the remainder of the male pair- 
forming behaviour is left out of account. Another example is the ‘‘con- 
tainer” with its subordinated mechanisms as described by Drees, pro- 
vided that the superordinate feeding and sexual instincts are left out of 
account. Such a scheme of this type of organisation is shown in Fig. gb. 

3. Put the case that performing A appears to lead to a well-marked 
threshold heightening in A but no threshold heightening in B, whereas 
performing B leads to a well-marked threshold heightening in both A 
and B. In this case it will be clear that there must be at least two sources 
of nervous energy, one of which is charging only A and one of which is 
charging both A and B. This means that in this case, postulating a true 
hierarchy of “‘instincts’’ is fully justified. In a terminology referring to 
purposiveness one might state that one goal is to satisfy A and another 
goal is to satisfy the common need underlying A and B. Such a scheme 
has been given in Fig. gc. 


“a r 
B 
A B 
A 
A B 
Fig. ga Fig. 9b Fig. 9c 


An interesting point in this type of organisation is that, as a rule, 
(and perhaps always) A seems to serve as appetitive behaviour in the 
service of B. It looks as if Nature mistrusted appetitive behaviour and 
therefore has added to it some interim reward. A typical example of 
this type of organisation in the cormorant is found in copulatory be- 
haviour, in which A is represented by mounting and B by coition or 
ejaculation. Other examples are: hunting (A) — eating (B), and 
quivering (A) — inserting (B). The important implication of this point 
with regard to general theory will be considered in Chapter IV, § 4, 
pp. 261-262. 
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In addition to the three basic types described above, other types might occur, 
theoretically speaking. (E. g.: Performing A causes threshold heightening in B but 
not in A, performing B causes threshold heightening in A but not in B.) Up to now, 
however, actual research has found no evidence pointing to the existence of these 
other theoretical types of hierarchical interrelations. This may offer a starting point 
for neurophysiological considerations on hierarchy. 

For the sake of completeness it should be added that in this review only the prin- 
ciple of hierarchy has been considered. Other principles of interaction which have 
nothing to do with hierarchy (e. g. inhibition, priming, displacement, etc.) have been 
left out of account. Further, it must be stressed that the three cases described above 
refer only to those instances in which there is agreement in principle but divergence 
in terminology among different authors, i. e. instances in which the impulse is sup- 
posed to be satisfied by means of a consummatory act. 


The proposal just made in order to create terminological unity and 
clarity may be considered in several respects to be a suggestion to re- 
turn to-the stricter concept of hierarchy as defined by BAERENDs, in 
comparison with the broader concepts that have come into vogue 
during recent years. In this proposal an attempt has been made to do 
justice to what might be called perhaps the most essential achievement 
of the ethological school of investigators, namely the discovery of in- 
stinct-specific endogenous stimulus production and nervous exhaus- 
tion. The hope may be expressed therefore that this proposal will be 
accepted as a contribution to bridge the conceptual divergence between 
those investigators who are thinking in “‘causes”’ and those who are 
thinking in “‘goals’’. In this way at least a partial unification may be 
gained by linking up common speech to concepts referring to direc- 
tiveness, and to results of neurophysiology. Ultimately the concepts 
of “cause” and ‘‘goal”’ are not irreconcilable, for a ‘‘cause”’ is the cause 
of a beginning and a “‘goal”’ is the cause of an ending. Moreover, by 
eliminating terminological obstacles, full attention can be concen- 
trated upon the core of the existing controversy: the question whether 
satisfaction can be gained only by a consummatory act, or also by a 
consummatory object or situation, and further, the question whether 
there is, or is not, a difference between satisfaction and abreacting. 

There is good hope that in future a rapprochement on these points 
will be possible, in view of the revisions in ethological thinking quoted 
on pp. 207-208. The same hope may be justified by the fact that re- 
cently ‘TINBERGEN (1954) has acknowledged the contributions made by 
“non-ethological” workers with regard to ‘‘ethological’’ problems, in- 
cluding the problem of hierarchy. Anybody who has ever experienced 
the depth of the lack of mutual understanding among students of 
behaviour of different origin will realise the prospective significance of 
these events. 
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Attitudes and backgrounds 


Having arrived at the end of this Chapter,the reader may wonder why 
a paper like this has not been written by a member of the ethological 
school. Chronologically speaking, ethology is the youngest of three or 
four or five main trends of thought leading to the idea of a hierarchical 
organisation of instincts. The idea of hierarchy appears to have had a 
very long history indeed, in animal psychology as well as in human 
psychology, psychiatry and neurology. At first glance, therefore, it may 
seem rather surprising that ethologists have entirely neglected this 
existing knowledge, and that some of them have even explicitly 
claimed hierarchy to be exclusively a discovery of their own school. 
One would have expected on the contrary that ethologists on their side 
would have made an attempt to compare their conceptions with pre- 
vious ones in order to provoke a scientific discussion that might clarify 
the whole problem. On closer examination, however, this state of af- 
fairs will appear to be less surprising. 

The adherents of ethology usually claim that their science is a new 
one, or that the ethological way of approach is the only scientific one 
in this field (TINBERGEN 1951, pp. V-6; LorENz 1952). Of course such 
a statement is somewhat exaggerated. New sciences are not founded 
by christening a group of workers in an existing field of research. As 
a matter of fact, ethology is not so much a separate science as a state 
of mind, a scientific reform movement, a body of scientists who are 
characterised by an entirely praiseworthy predilection for field-work 
and by an equally praiseworthy zeal to do actual research. Given these 
characteristics, itis quite natural that such investigators are handicapped 
by a lack of time and interest to read all the existing literature. It is 
quite natural too from a human point of view, that this regrettable state 
of affairs has been gradually camouflaged by the creation of the fiction 
that ethology is an entirely new science instead of being only a renewed 
approach to old problems. For by this fiction, these workers are re- 
lieved of the arduous duty of reading existing literature, of under- 
standing previous authors and of integrating their own findings with 
existing knowledge. Such a fiction creates a climate in which an un- 
pleasant duty can be dismissed as superfluous, or even invested with an 
armchair-and-white-collar-taboo. Mental processes of this type occur, 
in scientists as well as in ordinary citizens, as we know from psychology 
and sociology. As a rule these processes work subconsciously, for behind 
the barrier created in this way, the individual as well as the group 
continue to feel safe as long as the illusion can be maintained. Perhaps 
this paper, by showing the actual scientific situation with regard to the 
problem of hierarchy, will contribute a little toward destroying this 


illusion. 
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It is beyond the scope of this paper to give a complete and scientific 
argument on the assertion expressed above. Some comment, however, 
may be useful in order to indicate that there do exist solid grounds 
for this view. 


As an example, TINBERGEN’s book “‘The Study of Instinct’’ (1951) may be taken. 
The aim of this book is stated to be, among other things, the following: “‘First, it is 
intended to call the attention of Anglo-American workers to research done on the 
European continent.” (Loc. cit., p. V.) Nevertheless in this book no mention at all 
is made of two important books dealing mainly with the concept of instinct and 
written by TINBERGEN’s compatriots BrERENS DE HAAN (1940, 478 pages) and Por- 
TIELJE (4th edition 1948, 535 pages). Of both authors only some minor papers of 
little importance have been quoted. No reference at all is made to any book or paper 
written by BuyTrenpyk (Holland), bE MonTPELLIER (Belgium), HEDIGER (Switzer- 
land), Fiscue., B. Scumip (Germany) and other prominent continental workers who 
belong to other schools than the ethological one. The second aim of ‘TINBERGEN’s 
book is stated to be: ‘‘to elucidate the hierarchical nature of the system of causal 
relations, and to stress the paramount importance of recognizing the different levels 
of integration”’. (Loc. cit., p. V.) Actually, W. R. Hess et al. and P. Weiss are the 
only non-ethological authors mentioned by ‘TINBERGEN in connection with hierarchy 
and integrational levels. 

Apart from TINBERGEN’s stated aim to review European literature, it is rather 
surprising to find that in a book dealing with instinct, scant attention has been paid 
to leading American contributors in this field. For example, ALLEE, Hess, Hutt, 
Mastow, MassERMAN, RIEss, SCHNEIRLA, ScoTT and YERKES have not been mentioned 
at all. With regard to Totman, no details are given other than that his main book is 
dedicated to M. N. A. (Mus norvegicus albinus). A further feature is that TINBERGEN 
has occupied himself very little or not at all with historical people who exerted great 
influence and shaped the notion of instinct before the rise of ethology, such as 
ALVERDES, Brun, Groos, Katz, W. KOHLER, Ltoyp Morcan, McDouca tt, 
PavLov, voN UEXKULL and Watson, not to speak of those investigators who stud- 
ied instinct only in man, such as FREup, JuNG, and von Monaxow. Thus the wrong 
impression is given that the study of instinct is a special achievement of ethology. 
To be sure, TINBERGEN’s book is very instructive indeed, not only for its contents but 
also for what is not mentioned. In this respect the present situation in ethology shows 
much resemblance to that in psychoanalysis some decades ago. 

Another feature which is found in many ethologists is a curious avoidance of all 
the more anthropomorphic beings such as mammals (especially domesticated ones) 
and man. Among 130 illustrations in TINBERGEN’s book only one (No. 116) concerns 
mammalian behaviour and this one appears to represent precisely a hare fleeing 
from man! (In continental Europe the hare has the same symbolic meaning as the 
rabbit in England.) Of the two illustrations concerning human behaviour (No. 76 
and No. 130) at least one is intended to be nothing other than a zoomorphic joke of 
the same type as the anthropomorphic jokes on animals often cracked by humorists. 
One is reminded of the cartoons of WaAtr Disney who is as gifted an observer of 
animals as is ‘TINBERGEN, but in whose films man appears either as a beast or as an 
artistic failure but never as a beauty. 

Given this state of affairs it is no wonder that TiNBERGEN accounts for his neglect 
of the vast amount of work done by American physiological psychologists by stating 
that these investigators are characterised by “a preoccupation with what is often 
called prehuman behaviour in mammals”. (Loc. cit., p. 6.) When reading such state- 
ments one cannot help pondering on a possible psychological relation between 
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(scientific) psychophobia, anthropophobia and mammalophobia. C’est le ton qui 
fait la musique. Similar meditations are elicited when reading in TrnBERGEN’s final 
chapter (entitled “The Ethological Study of Man’’) : ‘Human ethology is still in its 
infancy. Yet the evidence is already much too voluminous to be covered here’’, which 
statement is followed by a number of assertions such as ‘‘Every individual among 
us knows’, ‘Everyone knows’’, “Although no well-planned experiments have been 
carried out, there is evidence”’, “Reliable observers have told me”, and so on (pp. 
207-210). Facts which apply exclusively to twentieth century western peoples are 
offered by TinBERGEN as arguments to prove the innateness of certain forms of 
behaviour in man (p. 209). The difficulty of studying innateness in man is attributed 
to the variability of human behaviour (p. 210), although actually the difficulty is 
found in man’s biological inability to escape from culture and it is precisely varia- 
bility which offers still further possibilities. No mention at all is made of such in- 
vestigations as have been carried out by BENepict, Mean, and others, nor of any 
research on twins. This way of dealing with man provides a striking contrast indeed 
with most textbooks of general psychology in which due attention is usually paid to 
findings of animal psychology including those achieved by the ethological school. 

Finally, TrnBERGEN seems to be unaware of the true nature of human psychology, 
for in his account this science is more or less equivalent to the study of ‘‘subjective’’, 
1. €. conscious, or introspective phenomena (pp. 4-6, pp. 205-206). This character- 
isation would have been partly correct sixty years ago, before FREuD, ADLER and Jun. 
Contemporary human psychology, however, might be defined more appropriately 
(although with a little bit of exaggeration) as the study of unconscious phenomena 
in man, or the study of the discrepancy between conscious rationalisation and un- 
conscious actual behaviour, or something like that. Hence, in this Chapter too, where 
we are dealing with the psychology of ethologists from a point of view of attitudes, 
the question whether these attitudes are conscious or not, has been consistently left 
out of account. 

The distinction between European and American psychology as made by ‘Tin- 
BERGEN (p. 6) is also out of date. Pre-war migrations of refugees, war requirements 
and post-war scientific contacts have blurred geographical boundaries between 
academic schools. Nowadays all essential divergencies cross the Atlantic. (See e. g. 
Dennis et al. 1947, RouRER et al. 1951.) Perhaps the chief remaining difference is 
that American psychology is more aware of social and sociological points of view 
whereas European psychology has still preserved much of its original individualistic 
orientation. This difference cannot be called an essential one. Further, European 
psychology has gradually lost its originally predominant character of a ‘‘Geistes- 
wissenschaft”’ and has become more like a social science. In this connection one should 
not overlook, also, that human psychology in the past twenty years has advanced and 
changed more than animal psychology (including ethology). For the rest it must be 
remembered that the objectivist approach was applied first in human psychology in 
the nineteenth century (e. g. by EBpincHaus and Wunpt) and was introduced after- 
wards in animal psychology as a reaction against Darwinian animal psychology (e. g. 
Romangs). Actually, psychology has always been more sensitive to methodological 
problems than any other science. 

In order to prevent misunderstanding, it should be added that the above short 
review of prevailing attitudes in contemporary ethology is not intended to be a criti- 
cism of ethological findings but an analysis of the attitudes of mind which have 
hampered ethologists from realising the full bearing of their findings on hierarchy. 
For the purpose of this analysis TINBERGEN has been taken as an example in order 
to demonstrate certain tendencies which are relevant to explain the present state of 
affairs. Similar tendencies can easily be demonstrated in the writings of LoRENz and 
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other members of the ethological school. In the scope of this paper it would be imposs- 
ible to give a complete account. It will therefore have to suffice to give only one 
single further example to demonstrate how ethologists have failed to recognise an 
important aspect of hierarchy. We allude to the history of ideas on the process which 
is called “‘object-choosing”’ and “fixation” in psychoanalysis, or “imprinting”? in 
ethology. 

This process seems to have been described first in chickens by SPALDING (1873, 
pp. 287-289; reprinted 1902 and 1954, pp. 6-8). At that time these experiments 
aroused considerable interest. Consequently similar experiments were undertaken 
and the results published by famous men such as PrReyYeER, the founder of child 
psychology (1884), Emer, the father of the concept of orthogenesis (1890), WESLEY 
Mitts (1895), and Ltoyp Morgan, the founder of twentieth century animal psycho- 
logy. (Full quotations in LLtoyp Morcan, 1896, pp. 30-36, and BREED, 1911.) 
Further, with regard to birds, imprinting was described in ostriches by Hupson 
(1892; ed. 1923, pp. 84-85), in geese by HEINROTH (1910, pp. 633-634) and in doves 
by Craic (1914). In mammals, especially hoofed animals, the same phenomenon 
has been described by Barn (quoted by SPALDING 1873, p. 283), Hupson (1892; ed. 
1923, pp. 105-106), WiLLiAM JAMEs (quoted by von HaTTINGBERG 1921, p. 408), 
McDouGa.t (1923, pp. 111-112) and Heck (1930, pp. 97-99). The fact that lambs 
are very susceptible to imprinting during the first two days or so of life has always 
been widely known, for imprinted sheep have little economic value and therefore 
sheep-farmers have always given attention to this phenomenon. Finally, with regard 
to insects, imprinting or something of a similar nature has been described by the 
ant-investigator and psychoanalyst BRUN (1920, pp. 101-109) and by THORPE (1928, 
pp- 630-631). 

All these sources were fairly common knowledge among (non-ethological) animal 
psychologists in the twenties and thirties and they have often been quoted in common 
text-books (e.g. BrERENS DE HAAN 1940) and scientific papers (e. g. DENNIS 1941). 
Moreover, these sources were also discovered by psychoanalysts and aroused much 
interest in their circles, for these facts seemed to prove a biological basis underlying 
similar phenomena in man as described by FREup and other psychiatrists. Conse- 
quently the classic authors mentioned above have often been quoted by psycho- 
analysts, in scientific papers (voN HATTINGBERG 1921, p. 408; BRUN 1926, p. 6) as 
well as in elementary text-books of psychoanalysis (e. g. WESTERMAN Ho LsTyN 1936, 
Brun 1946). In this connection not only the concept of “‘object-choosing”’ in psycho- 
analysis should be mentioned, but also the concept of “‘key experience”’ (Schliissel- 
erlebnis) current in classical psychiatry with regard to progressive delusions. The 
last mentioned concept seems to have been introduced by E. KretrscHMER (1918, 
pp. 20-22, 128, 138) to whom we owe several very important contributions on the 
border-line between biology and psychiatry. 

When Lorenz (1935) described his findings on imprinting in birds he attributed 
to HEINROTH (1910) the discovery of the phenomenon as well as the coining of the 
German term “‘Pragung’’. None of the other earlier authors quoted above were men- 
tioned in his account. With regard to mammals Lorenz stated: ‘‘Imprinting of 
object finds no counterpart in the psychology of any other animals, especially 
mammals. Certain analogies to pathological fixations to instinctive objects in human 
mental life, however, can be mentioned.” (Translated from loc. cit., p- 166.) 
“In human psychopathology there are cases in which an irreversible fixation of the 
object of certain instinctive activities has been observed, which purely symptomato- 
logically present a picture absolutely identical to that which we know in birds.” 
(Idem, p. 379.) No further comments concerning these items were made. Consider- 
ing that Lorenz is a medical doctor and was living at that time near Vienna, we 
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may assume that these statements refer to psychoanalytical concepts, but neither 
FREUD nor psychoanalysis in general were explicitly mentioned. In those days, books 
by Jewish authors were being publicly burned in Germany. 

In subsequent papers dealing with imprinting Lorenz continued to mention 
Hernrotu as the sole discoverer of the process of imprinting but claimed the tech- 
nical term ‘“‘Pragung”’ to be his own invention. (E. g. 1937, p. 299.) Allusions to 
psychoanalytical knowledge of imprinting phenomena have never been made any- 
more, not even in post-war papers. Other adherents of the ethological school went 
still further by explicitly attributing the discovery of imprinting exclusively to 
Lorenz, thereby neglecting HEmrotn’s part. (E. g. TINBERGEN 1951, p. 150.) Thus 
the isolation of ethological thinking on imprinting increased step by step. 

Because of this course of events, ethologists until now have remained unaware of 
the essential relationship between imprinting and hierarchy, which relationship had 
been discovered by Freup some fifty years ago. As explained in Chap. I, according to 
psychoanalytical theory, object-choosing proceeds mainly at the bottom-level of the 
hierarchical system at the onset of ontogenetical development of partial instincts. In 
this respect there is no essential distinction between object-choosing as conceived by 
Freup and other conditioning processes. The essential feature in psychoanalytical 
theory, however, is that (owing to ascending maturation and integration) the charac- 
teristics of the objects toward which the bottom-level instincts have become con- 
ditioned are subsequently taken over by the next-higher-level instincts and largely con- 
stitute the characteristics of the objects toward which these instincts appear to be 
directed as soon as they mature. This process is conceived to continue until the top 
level is reached. (See also Chap. I, p. 159, Chap. II, p. 195 and Chap. IV, § 2, 
PP. 242-244.) 

Now we have seen in the beginning of this Chapter (p. 197—198) that the idea of 
hierarchy was originally rejected by LorENz somewhat dogmatically. Consequently 
the explanation offered by FrREup with regard to imprinting phenomena could be of no 
use to LORENZ, and consequently he was obliged to postulate that the age of imprint- 
ing of a particular instinct has nothing to do with the age of maturation of that 
instinct (1935, pp. 167-172). In other words, imprinting was conceived to be some- 
thing like conditioning without a drive and without a reward. A further consequence 
was that LorENz was unable to explain the changes in the optimal sign stimulus 
which proceed during the intermediary period between imprinting and maturation 
of the imprinted instinct. Psychoanalysts on the other hand do explain these changes 
by assuming that the characteristics of objects of more than one instinct are amal- 
gamated together. Consequently LoRENz was obliged to withhold any explanation 
for what he called ‘‘the complete incalculability of falling in love” in a jackdaw 
which is fixated to man. He could merely state: “‘A whole series of highly interesting 
questions are still waiting for an answer here.” (Loc. cit., p. 172.) Not a word was 
said on the fact that psychoanalysts do claim they can explain all these highly in- 
teresting questions, at least in principle, by calling upon their developmental theories. 
One may take such claims for what they are worth but this is no reason why their 
merits should not be considered. 


In good earnest, these matters must be taken seriously. Whereas 
scientific achievements of mankind are great, individual human lives 
are short; therefore nobody can afford to start again from the beginning 
by neglecting existing knowledge. Self-made sciences are as impossible 
as self-made scientists. Further, any artificial barrier between branches 
of science, or between groupings of scientists will tend to hamper or 
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cut off existing possibilities of scientific contacts and teamwork. Any- 
body who has ever been active in more than one branch of science will 
be in a position to confirm this point. The history of science is full of 
warning examples of this. Some decades ago when the study of animal 
behaviour was still neglected by biologically trained workers, there 
was the case of a psychologist who wanted to study the behaviour of a 
“low animal”, and for that purpose used a hen! At the present time, 
however, similar mistakes in the reverse direction may easily be made 
(and indeed, have been made) by ethologists. 

This regrettable state of affairs is even symbolised in the term 
“ethology” as opposed to “‘psychology”’, for this denomination is a 
verbal magic intended to create a barrier that actually does not exist. 
The same applies to the argument sometimes used by ethologists ac- 
cording to which psychology is the science of the psyche, mind, soul, 
or spirit, thereby implying that psychology should restrict itself to psych- 
ic or mental phenomena, not to speak of “‘psychical” phenomena. It 
is especially surprising to find this argument advanced by “‘etho-logists”’ 
who, according to all current dictionaries (Larousse, Oxford, Webster, 
etc.), are engaged in “‘the science of ethics, morals and education’. By 
such verbal magic one might even try to convert an electromotor into 
a thing that moves amber (Greek: electron). Nevertheless the electro- 
motor would simply continue to be what it is. Likewise psychology. 
And so ethology will continue to be a special band of zoologists who 
prefer to work in the open air. 

Therefore, in this paper, psychology (or, more precisely, psychobiolog y) 
is conceived as one single all-embracing science, the science of behavy- 
iour, covering human as well as animal behaviour, conscious as well as 
unconscious, and healthy as well as diseased. In other words, the scope of 
this science is defined by its object (behaviour), not by its techniques (ob- 
servation or introspection), nor by its educative and social backgrounds 
(zoology, medicine, anthropology, sociology, pedagogics, or even 
philosophy). This wider outlook is the only way to ensure that the study 
of animal behaviour will profit by the achievements of other sciences, 
and, moreover, it is the only way to ensure that other sciences will 
give due attention to the results obtained by the study of animal be- 
haviour. Nobody will doubt it is mainly due to ethologists that the study 
of animal behaviour has now become fairly generally acknowledged to 
be a scientific occupation, but nobody can expect that the science of 
animal behaviour will be accorded the full status and recognition it 
deserves if it is not released from its isolation. 

This point of view is especially cogent at this moment, for there is an 
imminent danger of a new secession in the field of our science, due to 
the recent development of experimental animal psychiatry and kindred 
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fields of research (experimental psychoses and neuroses, psycho- 
somatics, etc.). This new development threatens especially zoologists 
and zoological physiologists with being cut off from a field of research 
in which they might be able to play a very important part, but which 
field at present seems to be studied to a large (and perhaps increasing) 
extent by medical men, to a less extent by psychologists, and hardly 
at all by zoologists. It would be a surprising situation indeed if, in the 
future, the steadily increasing co-operation of medical and non-medical 
human psychology should be hindered by an increasing splintering of 
the study of animal behaviour into a number of isolated branches of 
research. At present the study of animal behaviour is more flourishing 
than ever, due to the rise of ethology, but at the same time it is the more 
threatened by disintegration, which is also due to the rise of ethology. 
In the case of ethology the merits of isolation have been sufficiently 
proved by a wealth of scientific advances, but isolated development, if 
not followed by ascending integration, will fail its biological purpose. 


IV. PROSPECTS FOR FUTURE RESEARCH ON HIERARCHY 


Biological significance of hierarchy rather enigmatic 

In the foregoing Chapters we have found many points of convergence 
in the ideas on hierarchy developed by medical psychologists, child 
psychologists and animal psychologists of divergent origin. Never- 
theless we cannot yet say that the problem of hierarchy in instincts has 
been well mapped. Some main points have been explored but between 
them there still remain many white spots on the map. We have ob- 
tained a general framework but not yet an entire network in which all 
psychologists of any descent can be secured. 

Therefore, in this Chapter, an attempt will be made to localise some 
of these white spots. We will try to find out which points deserve 
special attention in the course of future investigations. It is only by 
actual research that the remaining gaps in our knowledge of hierarchy 
can be closed. 


So far, in this paper, next to nothing has been said on the biological 
significance, or teleological efficiency, or survival value of a hierarch- 
ical organisation of instincts. In existing literature also, relatively little 
attention has been paid to this aspect of the problem. There has been 
much interest in the question how hierarchy works but, generally 
speaking, most authors have passed over the question why it works as 
it does. This is a curious feature. No true biologist will ever have full 
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confidence in the causal explanation of a biological mechanism if he 
cannot find out its biological ‘‘purpose’”’. With regard to the hierarchy 
of instincts this aspect is indeed rather enigmatic. Why should a pred- 
atory animal have a specific drive, or urge, or appetite for hunting 
if it already has a superordinate drive, or urge, or appetite for food? 
Why should a male bird continue to perform some building activities 
if its nest is already finished? Why should normal development and 
maturation proceed by ascending stages, followed by integration? 

A closer consideration of these and similar questions will reveal sev- 
eral obscure points in the theory of hierarchy. One might even say that 
the biological (or teleological) value of hierarchy is precisely the central 
point at which all uncertainties concerning the working mechanism 
of hierarchy come together, for one first has to know fully how it works 
before one is able to state why it works as it does. Therefore the ques- 
tion of the biological meaning of hierarchy will be chosen as a suitable 
starting point. 


§ I.. THE FORMATIVE FUNCTION OF HIERARCHY 


Biological value of ‘‘play’ according to GRoos 


In chronological order the first, and perhaps also the most importanf 
contribution to this problem was made before the actual discovery ot 
hierarchy itself, viz. by Groos (1896, 1930) in his theory on the survival 
value of play. According to his ideas, young animals play in order to 
to train themselves and to exercise their motor abilities before actual 
cases of emergency require full proficiency. In his account ‘‘animals 
do not play because they are young, but they are young because they 
need to play’. (Freely translated.) During infancy and youth and 
while protected by their parents, young animals are able to find harm- 
less occasions in which their motor abilities can be exercised and pre- 
pared for the requirements of later life. 

This plausible and attractive theory may seem to provide a serviceable 
explanation for many features of hierarchically organised behaviour. 
Firstly, it becomes clear why ontogenetic development of behaviour as 
a rule proceeds in ascending stages: apparently the lower levels can 
be exercised in more widely varying circumstances while they are 
detached from vital needs, functioning independently of each other 
and of the higher levels. In this way a teleological explanation might 
be achieved also for the observed fact that, during ontogeny, normal 
variability of behaviour is promoted at a level just below the highest 
active tendency but suppressed at lower levels. (See Chap. II, p. 191, 
and Chap. IV, § 3, p. 253.) Secondly, this theory might explain why, 
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during ontogeny, the IRM ofa higher instinct (or ‘“‘appetite’) appears 
largely to be built up of the composing parts of the IR M’s of the lower 
instincts (or “‘appetites’’?) as stated in Chaps. I-III. Apparently the 
biological value of infantile learning as postulated by Groos involves 
not only the motor aspect but also the sensory aspect of behaviour. 


Scarcity of evidence on GRoos’ theory 


Ifa theory looks plausible and attractive this need not necessarily imply 
that it is right. Curiously, however, little actual research has been done 
in order to prove or disprove Groos’ theory. Kuo’s well known ex- 
periments on hunting behaviour in kittens (1931, 1938) have provided 
good evidence on the sensory aspect of the problem but on the motor 
aspect his information is not conclusive. SUMNER (1934), however, 
when experimenting on the ontogeny of hunting behaviour in owls and 
eagles, definitely proved the correctness of Groos’ ideas (loc. cit., pp. 
344-345) and concluded: “‘It is evident that the impulse to capture 
and kill prey is present at first in a markedly undeveloped state. The 
slowly developing ability to handle live prey which was manifested by 
my young raptorial birds was undoubtedly a result of learning. Given 
an instinctive curiosity which impels the animal to follow moving 
objects, plus an appetite adapted to a diet of flesh, the rest naturally 
follows.”’ (loc. cit., p. 356). In this last sentence a valuable suggestion 
is also found with regard to the biological function of hierarchy. (We 
will return to this point in § 4, p. 261.) For the rest, however, SUMNER’Ss 
descriptions are not quite consistent with those given by L. TINBERGEN 
(1935), and further, the number of birds that were investigated by 
him was rather small. From other sources BEacH (1945), without 
explicitly mentioning Groos’ theory, concludes that the beneficial 
effects of juvenile practice upon adult performance are plausible, but 
not proved. 

A similar scarcity of evidence is found with regard to the question 
whether practice can improve locomotory co-ordination. According 
to experiments made by SPALDING (1873) and GROHMANN (1938) the 
improvement in flying abilities observed in young birds after fledging 
should be ascribed to neural maturation. According to experiments 
and other data in cormorants, however, this improvement in flying 
abilities must be ascribed largely to a special type of learning, called 
flash-learning, which may be considered the analogon on the motor side 
of behaviour, as compared to what, on the sensory side of behaviour, 
is usually calledimprinting (KorTLANDT 1940 b, p. 413 and unpublished 
data). Further, Dennis (1941, pp. 344-345) found in buzzards that “the 
attainment of adult (flying) skill required a considerable amount of 
learning”. Perhaps both types of development may occur in different 
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species of birds. It would be interesting to correlate such differences 
with the presence or absence of a special appetite for flying?. 

With regard to mammals there is a fair amount of material, embrac- 
ing the sensory as well as the motor aspect of Groos’ theory and refer- 
ring to rats, chimpanzees, and man. (See a. 0. BEACH 1945; GESELL 
1954; NisseEN, CHow and SEMMEs 1951; Kacan and BEACH 1953; 
Marx 1950; Riesen 1947; Rresen and KInDER 1952; Riess, quoted in 
LEHRMAN 1953, p. 342, and SCHNEIRLA 1952, p. 578; THompson and 
Heron 1954.) From this material it appears that Groos’ ideas were 
partially right, partially wrong, and for the rest too simplified in these 
matters. A quotation from RiesENn (1947, p. 108) may illustrate this 
point: ‘‘The comparative data conform to the generally recognized 
principle that organisms whose potential adaptations to the environ- 
ment are most complex, i. e. those that show the greatest intelligence 
at maturity, also require the longest period of development. This has 
generally been regarded as a period of maturation. The clinical and 
experimental data discussed here, however, show that this long period 
is also essential for the organization of perceptual processes through 
learning.” 


But why acquired by play instead of by innate maturation? 
From the evidence quoted above one may safely assume that there 1s 
at least a category of cases in which the isolated ontogenetic develop- 
ment of a subordinate pattern (or “‘sub-instinct’’) contributes to its 
biological efficiency at a later age, after this pattern has been inte- 
grated into a larger whole. There is, however, a category of cases in 
which such a teleological explanation of the function and ontogeny of 
hierarchical systems decidedly cannot apply. In the last category most 
intra-specific or “‘social’’ releasers (as defined by TINBERGEN) have to 
be included, for with regard to them, it would be difficult to imagine 
any biological improvement in consequence of play exercise. (Unless 
in species with some kind of ‘“‘culture”’ or “‘civilisation”’.) With regard 
to this category, therefore, the question why behaviour is organised 
hierarchically and why it develops by ascending stages must remain 
unsolved for the present. We will return to this point in § 3 and § 4 of 
this Chapter. 

But even in the first category, although there is, or might be, evi- 
dence of improvementin motor abilities due to ‘‘play’’, the teleological 

‘The process of flash-learning was described as early as 1896 by LLoyp MorGAN 
when stating that the acquisition of pecking skill in newly hatched chickens “‘is per- 
formed so soon, and with so few trials — often at the third or fourth attempt — that one 


must regard the whole as essentially congenital in its definiteness, and look upon the 


few preparatory efforts as merely the steadying of the inherited organic apparatus 
to its work”? (loc. cit., p. 37). 
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explanation offered by Groos is not yet exhaustive. The question arises: 
Why has Nature taken such a complicated way? Why has Nature, so 
to speak, endowed the young animal with a set of innate drives to learn 
the skills it needs, instead of endowing it with a corresponding set of 
innate skills ? In the last case no isolated development nor play exercise 
of partial patterns would be required and consequently there would be 
no necessity to waste time in playing and learning instead of spending 
all available energy on eating much and growing fast. We now arrive 
at the fundamentals of evolutionary theory. The simple fact that the 
young animal appears to be able to learn very quickly all the skills it 
biologically needs for survival might be considered a proof that these 
skills are in a certain sense innate indeed, but can be aroused (or primed) 
only by means of external stimuli. If so, why are these arousing or prim- 
ing stimuli localised outside instead of inside the organism? One cannot 
assume that Nature has preferred to apply the peculiar technique some- 
times used by the obstetrician who, in certain cases, has to make the 
newly born baby cry in order that its respiratory mechanism will begin 
to work. 

Upon these and similar questions no definite answers can yet be 
given but some suggestions may be made. Looking at the animal 
kingdom, there appears to be evidence according to which exercise of 
biological functions in play during youth occurs especially in those 
functions which apply to complicated, incalculable and changing environ- 
mental circumstances after adult life is attained (KORTLANDT 1943). For ex- 
ample, young predatory mammals and birds perform abundant hunt- 
ing ‘‘games’’, seemingly because their future method of feeding is very 
varied and requires a high degree of adaptability, whereas grazing and 
gathering species perform little or no food-seeking “‘games’’, seemingly 
because the relative uniformity in their future food-seeking behaviour 
makes any learning or training superfluous. Gulls and skuas (Larus 
and Stercorarius spec.) when about the age of fledging, perform several 
types of false hunting and fishing, corresponding to the variety of their 
natural feeding techniques and food. Terns (Sterna spec.) on the other 
hand, perform little or no food-seeking ‘“‘games”’ at all, apparently be- 
cause one single innate and stereotyped pattern is sufficient to them 
(AHLOQVIST 1937, pp. 167-168). Tree-climbing species seem to perform 
more climbing ‘‘games”’ than rock-climbing species and these seem 
to perform more play locomotory activities than species which live on 
a flat surface. More examples could be added (BuyTENDYK 1932, 
1948). The same principle applies to the perceptual aspect of the 
problem. For example, in man, chimpanzees and cormorants, 1. e. 
species which are characterised by excellent capacities of sight, the per- 
ception of three-dimensional space is largely acquired as a result of 
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learning and flash-learning processes (VON SENDEN 1932, RIESEN 1947, 
KorrLanpr unpublished). In rats on the other hand, i. e. a species 
which depends largely on smell, touch and hearing, the visual percep- 
tion of space is largely innate (LASHLEY and RussELL 1934). 

So there seems to be a biological relation between the occurrence of 
juvenile play, on the one hand, and the required degree of variability, 
adaptability and complexity in adult behaviour, on the other hand. One 
might say, metaphorically, that the simpler types of machinery are in- 
nate, whereas the more complicated types of machinery become acquired 
as a result of experience in play. Neurophysiologists may try to find out 
why this is so, but we may take this tentative conclusion as a working 
hypothesis for further considerations. 

It appears, then, that this provisional suggestion finds support in 
three sources of factual evidence: 

1. According to many findings by Lorenz, TINBERGEN, and other 
authors, innate releasing stimuli are as a rule very simple and crude, 
whereas conditioned or learned stimuli are always very complex and 
detailed. Apparently, learning is apt to accomplish more complicated 
neural patterns as compared to endogenous maturation. 

2. As arule, a high degree of what might be called “‘general zoolog- 
ical curiosity” is found especially in those animal species which are 
preyed upon by a large variety of predators, whereas this type of curio- 
sity (or investigatory behaviour) is relatively little developed in those 
species which have a relatively small number of natural enemies 
(KoRTLANDT 1943). For example, in the old Dutch decoy industry, 
wild ducks are trapped by making use of a strangely behaving dog 
which arouses their curiosity, whereas cormorants or gulls cannot be 
lured in this way. Further, wild ducks show enormous interest when 
seeing, for the first time in their lives, a night-heron (a species which is 
extremely rare in Holland, whereas blue herons are abundant) but 
cormorants remain quite uninterested on such occasions. In this con- 
nection, curiosity might be considered a sensory game with potential 
predators, i. e. behaviour originating from a sub-instinct participating 
in the hierarchy of escape behaviour. (Of course, there are different 
types of curiosity in different species. In predators a fair amount of 
investigatory behaviour is hierarchically subordinate to food-seeking.) 

3. In a relatively large number of cases in which sensory or motor 
patterns are acquired during infancy, their acquisition is restricted to 
a definite and limited life-period, and in some of these cases it is even 
possible to indicate a reason for which such a time restriction is biolog- 
ically necessary. If such a sensitive period is missed, the animal will 
remain “‘neurotic”’ for the rest of its life. Some striking examples of this 
principle are found in the development of wildness and tameness. 
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Ontogeny of wildness and tameness 


Young cormorants, for example, begin to discriminate between “friends” and 
“strangers” when about 2 or 2% weeks old. Thereafter, they nevertheless remain 
relatively tame. They will become very shy, however, and will perform innumerable 
“vacuum-panics” or “*play-panics” when attaining the age of about 9 or 10 weeks, 
or 2 or 3 weeks after fledging, i. e. at the age when they begin regularly to visit the 
fishing grounds and other places outside the breeding colony. Before this age there is 
no special biological reason for being shy, because the colonies are usually on inacces- 
sible cliffs or uninhabited islands, and, moreover, the young bird is then too pre- 
occupied in steadily training its flying abilities and special flying stunts such as the 
“vertical side-slip”” which are preliminary requirements in effective fleeing behav- 
iour. During the period of frequent play-panics and as a result of curiosity, social 
induction and perhaps other learning mechanisms, the young cormorant gradually 
learns to discriminate between dangerous and non-dangerous potential dangers, and 
consequently in protected surroundings it becomes increasingly tame. This develop- 
ment is largely completed when, at an age of 12 to 14 weeks, the young bird leaves 
the colony on autumn migration, i. e. at the age when proficiency is biologically 
required. During subsequent years, further taming proceeds extremely slowly, until, 
at an age of perhaps seven years or even more, under constant environmental 
circumstances no further marked progress in tameness can be observed. 

The very advanced age at which shyness and tameness become shaped in the young 
cormorant creates a striking contrast to the well known imprinting process dis- 
covered by HeErtnrorH (1910) in goslings: in this species the first and most decisive 
occurrence with regard to shyness and tameness takes place in the first few minutes 
of life. Similarly, newly hatched ducklings can be infected by fear of man as a result 
of one series of loud warning quacks uttered by the mother duck (McDouGaLtt 1932, 
pp. 196-197). The biological reason for the difference with cormorants will be clear, 
for goslings and ducklings are nidifugous species and are not hatched on an isolated 
island or cliff. 

Similar contrasts are found in mammals. In many, or perhaps most species of this 
group, tameness and adult sociability are for a large part literally imbibed with the 
mother’s milk, and shyness is largely brought about by the mother’s warning cries. 
The age at which these processes occur shows great differences when comparing nidi- 
fugous and nidiculous species. This fact has already been recognised by Lioyp 
MorcGan (1896). 

In hoofed animals (especially the smaller species such as gazelles, sheep, many 
Cervidae) the first day or two of life are often decisive for life. For example, if a lamb 
is reared by bottle for a few days immediately after birth it will show no sociability 
towards other sheep when attaining adult life. Scottish sheep farmers know that such 
lambs cannot be marketed because they cannot be herded when grown up. Scat- 
tered and casual observations provide some evidence suggesting that roe and deer 
calves become shy to man for life if, during the first few days of life, they see or smell 
man when hearing the mother’s warning cry. (See a. 0. ALTMANN 1952, BENINDE 
1937, HEDIGER 1938, Hupson 1892, A. Murte 1944, O. J. Murte 1951, ScoTT 1945, 
STEINBACHER 1939, TEGNER 1951.) More critical investigations are, however, still 
desirable on this point. Similar, but seemingly more complicated processes can be 
found in domestic cows, according to verbal communications from farmers. In 
young lambs, fear of dogs becomes established by the ewe’s warning bleating (LLoyp 
Morcan 1896, p. 119). 

Evidently we are dealing here with object-choosing processes as they have been 
called by FrEup, or imprinting processes as they have been called by ethologists. 
According to some scanty factual evidence (including verbal communications by 200 
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keepers) the impression seems justified that an additional shaping of tameness and 
shyness in hoofed mammals proceeds during the age-period in which many vacuum- 
panics and similar ‘‘fleeing games” are regularly observed. If correct, this would pro- 
vide a striking analogy to what has been found in the young cormorant, except that 
in the latter species the first stage of the whole process takes place no earlier than when 
one-third grown and the second (more influential) stage takes place no earlier than 
some time after being fully grown. 

A very important fact in this connection is that many hoofed animals (especially 
in the smaller and shyer species) never get rid of their vacuum-panics if they are 
raised by man in an environment in which no objects for fear occur (ANTONIUs, 
quoted by Lorenz 19374, p. 328; LorENz, quoted by SurTon 1943, p. 13). In such 
an environment no object choosing or imprinting of the fear instinct and its sub-in- 
stincts (suchas fear-curiosity) is possible and consequently a general, vague and ob- 
jectless “‘nervousness”’ develops. Gazelles reared in this way are very susceptible to 
fatal accidents due to vacuum-panics at a later age. Here we find the curious paradox 
that an animal becomes timid because it is never frightened. The implications of this 
fact with regard to human education will be evident. 

In apes and man, fundamentally the same development processes concerning 
tameness and wildness occur but, incomparison with hoofed mammals, development 
proceeds on the whole at a much later age. This finding agrees with our assumption 
according to which the biological conditioning period (or periods) of tameness and 
wildness depends on the biological period (or periods) in which the young animal 
increases its independence from its mother and becomes confronted with an increas- 
ing number of environmental dangers. In this respect apes are especially interesting 
because, although morphologically they have many of the characteristics of nidi- 
fuges, behaviourally they can be considered nidiculous, in so far as they are carried 
by their mothers for a very long time. From this point of view it 1s a significant fact 
that tameness and shyness in apes and man are largely shaped ata much later age than 
in Ungulates, although according to some psychoanalytical investigations, the in- 
fluences during the suckling period should not be underestimated. Further, the im- 
pression seems justified that object choosing (or imprinting) of shyness proceeds es- 
pecially in relation to those periods in which the ape or human child demonstrates 
an increasing tendency to become more independent of its mother in its way of 
living. In other words, here also the sensitive periods seem to be biologically deter- 
mined by the necessities of actual life. 

It would take too long in this paper fully to review tameness and shyness in ape 
and man. As an example, the fear of snakes may be discussed here. It is a well known 
fact that apes, until about six months old, are indifferent to snakes but at a later age 
become extremely afraid of them. In previous literature there has been much dis- 
cussion on the question whether this fear is innate or conditioned (e. g. ANronrus 
1939, HAsLERUD 1938, YERKES 1948). Recently, following the great experiment of 
Hayes (1952) in which a chimpanzee was raised in a human environment from birth, 
it has become clear that both factors play a role. At the age of about 4 months one 
day Viki (as the chimpanzee was called), when catching sight of a dangling and snak- 
ing electric cord, was suddenly seized with the utmost fear of this cord, although be- 
fore that time the ape was quite familiar with electric cords (loc. cit., pp. 24-25). 
It is a significant fact that this occurrence happened at exactly the age at which 
Viki began to walk and climb freely around, without constantly clinging to her 
foster-mother. Moreover, after this occurrence Viki appeared to have become very 
frightened of all dangling electric cords, but not of real snakes. Two shattering ex- 
periences (at the age of about two years) were needed in order to make Viki afraid 
of real snakes (loc. cit., pp. 109-110). Therefore we have to postulate in the chim- 
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panzee, at least two mechanisms: 1. an innate general fear of all snake-like objects, 
which fear matures at the age at which the child’s living environment is extended 
beyond the mother’s reach. 2. An imprinting mechanism by means of which this 
general fear becomes very quickly conditioned to a very restricted class of snake-like 
objects!. 

Parenthetically, this conclusion is very revealing with regard to a much-contested 
point in psychoanalytical theory. According to Freup the fear of snakes, mice, etc., 
in man is a converted castration anxiety and this castration anxiety is based upon an 
innate “‘primal phantasy”’, which in its turn is supposed to have been evolved during 
phylogeny as a result of actual castration in primeval peoples. Now from Hayes’ 
observations it seems more plausible to presume, conversely, that castration anxiety 
and fear of mice in man must be considered a converted fear of snakes in a society 
where snakes are lacking, and that this fear of snakes is based upon a primeval im- 
printing mechanism, or primal phantasy directed towards snakes, and that this 
mechanism, or phantasy has, in its turn, been evolved as a result of actual snake-bites 
in human ancestors. At first glance this hypothesis may perhaps seem nearly as 
fantastic as that of FReup but it provides a biologically more acceptable frame of 
reference for the facts that led Freup to his theory. (It may be added that there are 
some accounts according to which deer behave very aggressively toward snakes and 
try to kill them with their hoofs. See Hupson, ed. 1923, p. 159.) 

In the scope of this paper, a consideration on the development of “‘tameness”’ and 
“wildness” in man would digress too much. Suffice it to say that a normal child in 
certain developmental periods will show a well-marked and biologically sound de- 
sire for material arousing horror. This desire should be adequately satisfied in an at- 
mosphere of reality in order to secure healthy development and to prevent the estab- 
lishment of an objectless ‘“‘nervousness”’ as described above in Ungulates, but of 
course it should not be stimulated or primed by means of American horror comics 
and such like! 

In order to avoid confusion it must be added that in this context we are dealing 
with fright and fear, and not with anxiety (German: Angst). According to psycho- 
analytical theory, neurotic anxiety (either conscious, e.g. phobia, or unconscious, e. 
g. conversion diarrhoea) in its strict sense springs from the repression and conversion 
of drives that threaten other vital tendencies in the personality. In a certain sense, 
neurotic anxiety might even be considered a synonym of converted unconsumed 
libido. This means that the concept of anxiety in psychoanalysis is closely related to 
the concept of displacement-activities in animal psychology”. There are, however, 
continuous transitional stages merging from “‘anxiety” to “fear” and “fright”. For 


1 One might also say that the imprinting mechanism for snakes matures at a def- 
inite age and then, after being activated by an external stimulus, primes an innate 
fear directed towards the imprinted object. With regard to Viki no definite choice 
between both these explanations can be made. The observations of objectless fear 
or “‘nervousness”’ in Ungulates support the explanation given in the main text but 
there exist also cases (especially in dogs) in which the explanation given in this note 
seems more justified. 

2 In other words, neurotic anxiety (in psychoanalytical language) might be put 
more or less equal to allochthonous fleeing behaviour (in zoological language). It 
would follow that, in man, any repressed impulse is able to spark over to the instinct 
of fear. This inference, however, seems difficult to reconcile with our present know- 
ledge of displacement phenomena in animals. Therefore the problem of anxiety is 
still too enigmatic to be dealt with here. It may be added that, at the present time, 
several prominent psychoanalysts reject the classical anxiety theory rendered above. 
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example, the objectless fear in hoofed animals discussed above might equally well be 
called anxiety in a wide sense. Perhaps future investigations on objectless fears in 
animals may clarify the problem of anxiety as a whole. On this point the student of 
animal behaviour is able to make an essential contribution to alleviate one of the 
most serious scourges of mankind. 

It might be conceivable, by way of suggestion, that any newly developing tendency 
directed towards life-expansion is biologically matched and controlled by a newly 
emerging susceptibility to imprinting and priming of the instinct of fear. If this sug- 
gestion holds good, it might perhaps contribute towards solving the present incon- 
sistency between the psychoanalytical anxiety theory and the zoological displace- 
ment theory mentioned above. Moreover, this suggestion might explain a feature 
which is very conspicuous in most forms of true play but which seems to have been 
neglected in all existing theories on play: Really playful forms of play are always 
alternated, accompanied and even characterised by an element of fright and fear, 
i. e. by cries of distress, expressions of alarm and the like in both animals and man, 
and by emotions of fright in man. Play is thrilling indeed, or it is no real play. ‘This 
may explain, too, why the extensive enumeration of games in animals as given by 
Groos leaves in most readers the unsatisfactory feeling that most of these games are 
no true play at all, without being able, however, exactly to indicate what is wrong 
with them. 

This digression on the ontogeny of tameness and shyness will suffice to illustrate 
the general developmental principle involved in functionless (or playful) arousal, 
priming, conditioning and learning of instincts, followed by ascending integration. 
Sources of similar material concerning the development of instincts other than fear 
are found in BRUCKNER (1935), HEBB (1949), MEYER-HOLZAPFEL (1949), STEVENS 
et al. (1951), THORPE (1951), and LEHRMAN (1953). 


Biological superiority of acquired patterns 

All the material and considerations given in the foregoing part of this 
Chapter seem to justify the presupposition (implicitly but not explicitly 
contained in the theory of Groos) according to which those forms of 
behaviour that are ontogenetically shaped in isolation from. their 
future vital function, as a result of conditioning and learning, are, after 
being integrated into the vital system to which they belong, biologically 
superior to those forms of behaviour that are ontogenetically shaped as 
a result of innate maturation processes. Speaking metaphorically, one 
might say that (at least in animals) pure science is in the long run 
superior to applied science and that creativeness is superior to tradi- 
tion! (See also Hartow et al. 1950.) The biological superiority of 
behaviour which is acquired independently of vital needs appears to 
consist of a higher degree of complexity, variability and adaptability 
in adult behaviour, in consequence of which the adult animal is able 
to cope with complex and changing environmental circumstances. 
Moreover, we must assume that this conclusion applies not only to the 
motor aspect of behaviour (as suggested by Groos) but also to the 
sensory aspect. 


This is an interesting result indeed, for at present it seems difficult 
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to see any grounds for considering that acquired behaviour should be 
generally superior to innate behaviour. We must simply take the fact 
for granted’. When doing so, it follows that the principle of isolated 
development of partial functions followed by ascending integration at 
a later age offers great biological advantages to the species, and from 
this it further follows that a hierarchical organisation of instincts making 
possible this type of development offers a definite survival value. In 
other words, hierarchy of instincts serves to shape non-instinctive behaviour 
patterns during ontogenetical development. 


pies THE REGENERATIVE FUNCTION OF HIERARCHY 


Ontogeny never completed 


Having arrived at this point, two objections may be made: (1) The 
occurrence of what we usually call “‘play”’ is not restricted to young or 
immature animals. Adult animals may be seen playing as well, al- 
though less frequently than younger ones. This argument has been 
raised in the past by several critics of Groos. (2) If hierarchy serves 
to make feasible isolated development of partial patterns followed by 
ascending integration, it remains unexplained why hierarchy continues 
to exist in adult life. For example, one might agree that carnivorous or 
fishing species avail themselves of a special hunting instinct in order 
to train them on sham-objects during infancy, but why should an adult 
individual continue to exercise its hunting techniques if it has found 
other and easier means of subsistence? 

Both objections converge in the same direction and both can be 
answered by the same reply: In matters of behaviour, ontogeny is 
never completed. In certain ecological circumstances an individual 
of a predatory species may find its subsistence year after year by 
exercising only one of its hunting techniques, or even by eating carrion, 
but nevertheless at any moment this individual must be able to change 
its way of feeding in case of emergency, and therefore, throughout its 
life it must continue to train and exercise all the hunting techniques it 
can call on. A duck may live for years and never meet a predator, but 
if one day a decoy-dog or a night-heron appears the duck must try to 
find out what it is, in order to escape potential dangers. The fact that 
in the case of the decoy-dog, the duck has little chance to survive its 
curiosity does not alter the general biological value of curiosity, even 
in very old and “‘wise’”’ individuals. Other instances will easily come 


1 Of course there exist a number of cases in which an incidental explanation of 
this biological superiority might be offered. Such explanations, however, do not 
cover the bulk of facts. 
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to mind. This means that the continuation of hierarchy after the attain- 
ment of maturity may act as a continuation of youth after the attain- 
ment of maturity. In other words, hierarchy exerts not only a formative 
but also a regenerative function. This is the second main function of a 
hierarchical organisation of instincts. 

From this conclusion we arrive at a second extension of the bearing 
of Groos’ principle, in addition to the first extension according to 
which the principle applies not only to the motor but also to the sen- 
sory aspect of behaviour. Moreover, by this conclusion we arrive at a 
very important point in human developmental psychology and psy- 
chiatry, which point has been stressed especially by MAEDER (1925), 
von Monakow (1928), and RtmxkeE (1933). This point refers to the 
positive value of instinctual regression in certain developmental pro- 
cesses and in cases of nervous and mental disease. 

When viewing the whole field, two main aspects can be observed 
with regard to the regenerative function of hierarchy. 


First aspect: Prevention of atrophy and monotony 

A hierarchy of tendencies correlated to the whole system of ac- 
tivities available to an animal, will prevent or restrict atrophy and ex- 
tinction of those functions which remain unused for a long time. Such 
a hierarchy will also prevent or restrict the monotonous repetition and 
petrifaction of those functions which are used repeatedly and in a 
stereotyped way. To be sure, BEAcH (1945, p. 536) has jokingly re- 
jected the idea that adult lions need hunting games in order to keep 
their hunting responses in good working order but such a statement can 
be made only from a laboratory point of view by neglecting the enor- 
mous variety of actual circumstances in nature. In human life every- 
body knows that regular and, more especially, varied exercise of one’s 
locomotory abilities is necessary in order to keep them fit. Car-owners 
know that this principle applies even to cars, at least in some respects! 
Birds of which the quill-feathers have been regularly clipped for a 
number of years will gradually lose their flying abilities (Scorr, quoted 
by THorPE 1951, p. 21). From this point of view it seems plausible to 
expect that any behaviour pattern which under certain environmental 
circumstances might be endangered either by atrophy or monotony 
will be safeguarded by means of a special instinct or appetite serving 
to keep this behaviour pattern fit. Moreover, it seems plausible to 
expect that this principle will hold good not only for motor mechan- 
isms but also for sensory mechanisms. In other words the mere exis- 
tence of a biologically valuable behavioural mechanism will in itself 
provide an evolutionary force tending to develop a special instinct or appetite 
serving to activate and keep fit this mechanism during the vicissitudes 
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of the individual’s life. So that from this point of view, instinctive drives 
will, in the course of evolution, become as innumerable as there are 
forms and levels of behaviour, including motor as well as sensory 
patterns. 


There is a fair amount of factual evidence giving support to a widening of the idea of 
hierarchy as implied in the above suggestion. In zoo-animals there appears to be a 
lasting tendency to keep in working order all biological functions and behavioural 
mechanisms that have become useless due to circumstances of captivity although, it 
must be said, the degree of endogenous stimulation differs from one mechanism to 
another. All birds of which the wings have been pinioned in infancy will continue 
to make flying attempts until they die of old age. It seems difficult indeed to find 
any behavioural mechanism that will become completely idle if it has become useless, 
except in cases of physical impossibility to exert that mechanism. Further, although 
captive animals in monotonous environmental circumstances are very liable to habit 
formation, this state of affairs will never lead to an entirely stereotyped behaviour. 
On the contrary, there appears to be a lasting tendency to break through even the 
most stereotyped ways and to use any pattern that has been inactive for a longer or 
shorter time. In this context the experiments on spontaneous alternation in maze 
running rats may be mentioned. (See e. g. DENNIS 1939.) 


Perceptual sub-instincts 

Moreover, this principle seems to apply also to sensory mechanisms, in 
cases in which one and the same motor response can be released by 
more than one releasing mechanism, or by more than one stimulus 
situation. It is an old saying that, in hunger and in love, familiarity 
breeds contempt. The same principle has been found to be valuable in 
collecting sperm of domestic cattle used for artificial insemination. An 
important point in this connection is that with regard to the accom- 
panying environmental circumstances during artificial ejaculation, a 
fair degree of constancy is desirable. The persons handling the bulls, the 
time of day and similar conditioning factors should be kept as constant 
as possible. With regard to the place for mounting some little variations 
have appeared to be favourable. With regard to the dummy used for 
mounting (either a nymphomaniac cow, a bull, a horse, or a model) 
however, regular variations have appeared to be essential in order to 
maintain the bull’s sexual urge and, consequently, sperm quality. These 
experiences have been obtained in different breeds in Holland, England 
and America. (Verbal communications from specialists in this field; see 
further ARIENS et al. 1954, p. 26, PERRY et al. 1950, p. 102, Rowson 
1946, pp. 76-79, SMITH 1950, pp. 29-30.) Seemingly, therefore, the 
principle stated in the proverb holds good only for innate and not (or in 
a lesser degree) for conditioned stimuli. In other words, there are indica- 


1 HEDIGER (1942, P- 53; 1950, P. 49) states that there are a few exceptions of this 
rule, namely in cormorants, but this statement is erroneous, at least with regard to 
cormorants. 
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tions suggesting that, under constant external circumstances, there may 
occur internal (intra-neural) changes in responsiveness to the composing partial 
stimuli that participate in one single innate sign-stimulus, and these 
changes apparently proceed quite apart from intra-neural changes in 
responsiveness to the sign-stimulus as a whole. Apparently these changes 
in responsiveness to the partial stimuli cause the ‘“‘optimal” sign stimu- 
lus to be a variable datum. 

This tentative conclusion fits in very well with some recent investigations accord- 
ing to which there occur in the innate releasing mechanism intra-neural changes in 
responsiveness to the sign-stimulus in general, quite apart from intra-neural changes 
in responsiveness which are due to nervous exhaustion or stimulus production inside 
the motor mechanism (PRECHTL 1952, 1953; GLANZER 1953; HInDE 1954). Further, 
it fits in with the fact that even the mere perception of a reward will act as a rein- 
forcing agency in learning experiments. (References in H1nbE 1954.) Finally, it fits 
in with a new theory on aesthetics launched by vAN WimERSMA GREIDANUS (1951) 
according to which aesthetic experience must be regarded as the sensory counterpart 
of what in the motor sphere is usually called play. At the moment, we are, so to speak, 
waiting for the discovery of ““vacuum-perceptions’”’ (‘‘Leerlaufperzeptionen’’), analo- 
gous to, but distinct from, vacuum-activities and to be explained by IRM-specific (or 
sub-IRM-specific) endogenous stimulus production. It would be interesting to cor- 
relate these phenomena to the distinction made in psychiatry between different types 
of hallucinations. 


From all this evidence a hypothesis may well emerge: Innate releasing 
mechanisms are not reflex-like blocks (as postulated by TINBERGEN 
and Lorenz) but true sub-instincts, hierarchically subordinate to the motor 
mechanisms or Erbkoordinationen they serve and showing all the char- 
acteristics of true instincts (or appetites) such as nervous exhaustion 
and reloading. (See also H1INDE 1954.) Further, an innate releasing 
mechanism may in itself be a minor hierarchical system composed of 
releasing sub-mechanisms, each characterised by its own rate of ner- 
vous exhaustion and reloading, as made plausible by intra-neural spon- 
taneous changes of the ‘“‘optimal’’ sign-stimulus. This means at the 
same time that the term bottom-level instincts (or bottom-level appe- 
tites) which was used in Chapters IT and ITT is not quite adequate: the 
Erbkoordinationen can be considered to be a bottom level only as far 
as the animal’s motor needs are concerned but below this ‘“‘bottom” 
there may be a further hierarchical ramification of perceptual needs, 
each urging towards satisfaction on its own account. (It will be remem- 
bered that in Chap. IT, p. 191, some evidence was also found indicating 
that, strictly speaking, the Erbkoordination or fixed pattern can no 
more be considered the bottom level even in the motor area of behav- 
iour, for during the very first stages of its ontogenetic development it 
appears to be neither fixed nor coordinated; on the contrary, it develops 
by fragments that become integrated afterwards.) 

In our hypothesis we might go still further and state: the hierarchy 
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of perceptual appetites which seems to operate below the bottom-level 
of motor and higher appetites, exerts not only a regenerative function 
but also a pathfinding and priming function with regard to its super- 
ordinate levels’. Before considering this new point of view (§§ 3 and 4), 
however, we have first to finish our digression on the regenerative 
function of hierarchy in general, of which up to now only one aspect 
(point 1 at p. 231) has been discussed. The question was: Why does 
hierarchy continue to exist in a latent form after the completion of 
ascending integration ? 


Second aspect: Regenerative regression 

A second answer to this question can be concisely formulated as 
follows: Hierarchy serves to make possible regenerative regression. In order to 
make this point clear, a short introduction will be necessary and some 
concepts have to be defined. 

As explained in Chap. I, according to FReup, subordinate instincts 
mature, become conditioned and find their goals more or less independ- 
ently of each other and often at different ages. At a later age, when 
these partial instincts become integrated into larger units, and at a 
still later age when these units in their turn become integrated into 
still larger wholes, it may naturally occur that the building stones 
appear not to fit in with each other. Consequently, in order to accom- 
plish integration in spite of this, a re-modelling or reshuffling of the 
building stones will be necessary. In other words, the objects and goals 
toward which the partial instincts during ontogeny have become con- 
ditioned, have to be re-developed. This process often requires a re- 
conditioning of the partial instincts and this reconditioning proceeds 
by means of a revival of infantile forms of behaviour. In such cases the 
individual will try to find satisfaction by means of objects or activities 
which have been obsolete for many years and as a result in many cases 
a reorganisation of low-level behaviour will follow. Such a return to 
infantile patterns of behaviour is called regression. Two types may be 
distinguished: regression to an infantile object and regression to an 
infantile level of instinct organisation, but as a rule both types occur 
together. During psychoanalytical treatment, regression is deliberately 
evoked and used as a therapeutic technique. 

For the sake of completeness it must be added that the characterisa- 
tion and paraphrasing of regression as given here is a rather simplified 
and incomplete one, condensed to come within the scope of this paper. 
Furthermore, we are especially dealing here with the regenerative func- 


1 The same statement applies to those sensory appetites that can be localised at a 
higher hierarchical level than the minor ones under discussion here, as has been 
demonstrated above with regard to curiosity. 
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tion of regression (“integrative disintegration’” RUmKE) and therefore 
the more pathological forms of regression (“‘dissolution” Jackson) are 
left out of account. It was especially the Ziircher school which drew 
attention to the positive merits of regression (a. o. MAEDER 1925, 1928, 
also RUMKE 1933) whereas FREUD predominantly emphasised the more 
negative or pathological aspects. 

From the foregoing it will be clear that regression can be possible 
only if a hierarchical organisation of instincts continues to exist latently 
after the completion of ascending integration, as otherwise the steps 
required for descent would be missing. We now have to ask whether 
regenerative regression in animals does occur. 


Scarcity of evidence on regenerative regression 


A survey of existing literature yields extremely meagre results. It is true, in American 
literature dealing with experimental neurosis, much material can be found with re- 
gard to regression, but next to nothing of this material refers to the positive and 
healthy type of regression we are searching for. (See e. g. GANTT 1944, MAIER 1949, 
MassERMAN 1946, Mowrer 1940.) In European literature dealing with imprinting 
one finds many cases of pathological fixation to an object as well as to an organisa- 
tional level, and moreover some cases of recovery from a pathological fixation have 
been reported (THORPE 1951, p. 263), but in none of these cases is there clear evi- 
dence suggesting that this fixation has been healed by the intermediacy of a regenera- 
tive regression. In this respect contemporary animal psychopathology is quite similar 
to early Freudian psychoanalysis: human beings are often more curious about mental 
disease than about mental health! 

A biologically valuable type of alleged ‘‘regression”’ in insects was mentioned by 
Brun (1926, pp. 24-25) but in this case the observed type of regression cannot be 
considered a “‘réculer pour mieux sauter’’, and further, the term ‘‘regression’’ was 
used in rather an aberrant meaning. Not long ago, in a very interesting paper on the 
ontogeny of instincts, MEyER-HOLZAPFEL (1949) reviewed a number of cases in which 
seemingly infantile activities were performed by adult animals and all these cases 
were classified as cases of “‘regression’’. With regard to her opinion according to 
which courtship-begging in female birds should be considered regression, however, 
some doubt may be justified: as long as we cannot find out why courtship-begging 
is restricted mainly to females, no final interpretation is possible. For the rest, in her 
account two cases were mentioned (quoted from Lrevy and from Karz) which do 
suggest the regenerative type of regression. In both these cases, regression appeared 
to occur when the animal was transferred to a new environment. 


* Recently, in animal psychology, the term “‘regression”’ has been used to indicate 
the atrophy of an instinct (THORPE 1951, p. 21). This usage of words is highly con- 
fusing and should therefore be abandoned. 

It may be added that phenomena related to regression (as defined above) are 
found not only in behaviour but also in physiology. During the ontogeny of man, 
erythrocytes are produced first in the spleen, thereafter in the liver and finally in the 
bone marrow. In cases of disease the reversed sequence may be observed: at first the 
liver and thereafter the spleen may resume the production of erythrocytes. It is 


quite possible that behavioural regressions may often be based upon hormonal factors 
but little or nothing is known of this. 
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A case of regression observed in cats and described by WESTERMAN Ho.stiyn 
(1950, p. 100) may be quoted here (translated) : “A young cat was already independ- 
ent and house-trained for quite a time. When her brother to whom she was much 
attached was given away to another home, she joined up with a mother cat who 
had kittens, which at that time happened to be in the house, crept into their basket 
and commenced to suckle again, and, moreover, started to urinate in the basket.” 
In this case of observation the regression itself and its cause are very clear but its 
ultimate effect with regard to a subsequent reorganisation of behaviour remains 
obscure. 

As a result of several investigations it has been proved that, at least in mammals, 
deprivation of an instinct or sub-instinct during infancy and youth may often cause 
a strengthening of the tendency in that instinct and a failure of ascending integration 
at a later age or at the attainment of maturity. Kuo (1931) has found that kittens 
when raised in isolation show a marked tendency to respond to rats by playing and 
false-hunting with them. According to Hunt (1941) infant feeding-frustration in the 
rat when followed by adult feeding-frustration causes 2% times as much an amount 
of hoarding behaviour as compared to the amount of hoarding observed as a result 
of adult frustration without previous infant frustration. Dogs and rats, if restricted 
in their exploratory possibilities early in life, show at later ages significantly more 
exploratory behaviour than normal dogs and rats do (THompson and HERON 1954). 
Monkeys will become persistent thumb-suckers if fed by means of a medicine 
dropper during the first 6 weeks of life (HARLow 1951). In a chimpanzee, restricted 
opportunity for tactual, kinesthetic and manipulative experience during the first 
31 months of life appeared to lead to a loss of sensitiveness to pain and discomfort, 
supplemented by an excessive need for pleasure derived from tactual-pressure stimu- 
lation (NissEN, CHow and SEmMMEs 1951). More instances of the same principle could 
be added. (See especially MaAssERMAN 1944, pp. 151-155, and Mastow 1948.) From 
these and similar observations it seems that these animals in this way try to make up 
for the play period which they have missed earlier in their lives. One is even reminded 
of NrETzscHE’s lament: “‘Ich tberspringe oft die Stufen, wenn ich steige, — das ver- 
zeiht mir keine Stufe.”’ (Zarathustra I, Vom Baum am Berge.) Translated: “‘Often 
I jump the steps, when ascending, — but this does not let me off any step.”” In any 
case, however, these papers deal with fixation and not with regression. Consequently 
no valid proof of our suggestion is found in them. 


Regenerative regression in the cormorant 

It appears that, except for man and the two cases mentioned by 
Meyer-HowuzapreEt, the cormorant is the only animal species in which 
fair evidence pointing to the regenerative type of regression has been 
observed. This material, however, has not been published until now 
and therefore a short summary may be given here. 

The first three months of life of the young cormorant may be charac- 
terised as a growing up towards individuality and independence, end- 
ing by the young bird’s leaving the colony on summer migration. This 
development is by no means a straightforward or gradual one; on the 
contrary, it proceeds in 5 developmental jumps (in some individual 
cases, in 6 jumps) each of them taking no more than a few days. Each 
of these developmental jumps is characterised by a reorganisation of 
the young bird’s behavioural organisation and at the same time by a 


238 A. KORTLANDT 


reorganisation of its “Umwelt” organisation, both phenomena being 
aspects of one and the same process. In the last three of these develop- 
mental jumps, progression is preceded by regression. This feature sug- 
gests that a regenerative regression will not occur until a certain height 
and complexity of organisation has been attained. At the lower levels 
during ascending development, the building stones will naturally fit 
in more easily than at the higher ones. 


Until about 2 to 2 % weeks old the young cormorant is still unable to put its locomo- 
tory abilities to the service of its vital needs. It is the legs which move the chick and 
not the chick which moves the legs. Or, in other words, the young bird is moved by 
creeping instead of moving by creeping. Consequently in the chick’s “‘world”’, or 
“cosmos” (Umwelt) there is, at this age, still no difference between “far” and “‘near’’. 
Its behaviour often reminds one of that of a human baby who is trying to get hold 
of the moon. Physical space is not yet perceived as “‘space”’ in the psychological 
meaning of the term. 

At the age of 2 to 2 % weeks, creeping movement becomes integrated into alimen- 
tary, investigative, defensive and other vital behaviour. Consequently the nest area 
acquires the characteristics of true three-dimensional space. This radical reorganisa- 
tion may be called the first step towards individuality and independence. In it the 
developmental process takes a straightforward and unequivocal course, which is not 
surprising, for we are still dealing with the bottom of the integrational system. After 
this reorganisation the chick’s outer world outside the nest area still remains a two- 
dimensional ‘‘end plane”’ (‘‘Fernste Ebene’’, von UEXKULL). 

The second developmental jump is fledging which takes place as a rule at an age 
of 7 weeks. (Cases of premature fledging are left out of account.) A few days before 
fledging, the nestling becomes increasingly interested in the scenery around its nest, 
and at the same time, a rapidly increasing motor restlessness arises. The young bird 
starts climbing about in the branches, practises gymnastics there with increasing 
boldness, makes prolonged false flying-movements, or even little jump-flights, walks 
from the perch to the nest-rim, and back from the nest-rim to the perch, and all 
these activities are interrupted from time to time by the bird’s absorbtion in intently 
gazing at the scenery. Nearly all interests in vital needs, even in food, are gradually 
lost. The young bird seems eaten up with ‘“‘Wanderlust”’ or ‘““Hinausweh”’, longing 
for space. Finally the stress breaks out: the first sortie is made. Thereafter, as a 
result of flash-learning and imprinting processes, at an amazingly quick rate 
(usually in 2 days) the fledging will become familiar with spatial relations in the 
nesting trees. Its Umwelt outside the nest area is reshaped into a true three-dimen- 
sional one and it flies to and fro without any trouble or hesitation. In addition to this, 
all symptoms of restlessness and ‘‘Hinausweh”’ disappear, new habits in line with the 
parents’ habits are formed and life becomes stabilised again. The second great step 
toward individuality and independence has been accomplished. From this point of 
view, the preliminary motor restlessness and sensory ‘‘Hinausweh” preceding its 
consummation may be considered appetitive behaviour (CRAIG), or symbolic be- 
haviour (PorTIELJE), or a syndrome of damming up of libido (FREUD), or something 
like that. In any case, our description has shown that this time the course of develop- 
ment was not unidirectional and unequivocal. On the contrary, in the preliminary 
phase the young bird, so to speak, groped and reached for its way, trying and ex- 
ploring everywhere, searching for more space where it could, until finally all these 
diffuse energies became canalised into the only way still left open to them: fledging. 
On the other hand, however, in this introductory behaviour no true regressive ele- 
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ment can be seen, for all this groping and reaching, trying and exploring, was of a 
definitely progressive and prospective nature. The second developmental step is of a 
higher type than the first one but the organisation of behaviour has not yet attained 
a level at which a preparatory regression is required. We will return to this point later on 
(pp. 241 and 258). 

The stabilisation of habits and ways after fledging is not durable. In the course of 
I or I / weeks (in some cases 2 weeks) following the first sortie, owing to subsequent 
maturation and acquisition of flying skill, the young bird’s spatial life-habits (e. g. 
habitual flying routes, landing branches, perching places, etc.) gradually become 
outmoded. Moreover, many of these habits were formed accidentally or were copied 
from the parents’ habits during the first two days or so after fledging. Consequently 
they do not suit the young bird’s needs and a tendency towards individuation (i. e. 
shaking off copied habits) becomes apparent. At first, new symptoms of restlessness 
and Hinausweh emerge. In many cases the young bird again begins to explore and 
rove from branch to branch in the trees around its territory, much in the same way as 
before fledging. The daily number of hours spent in the tree-group where it hatched 
shows marked fluctuations and sometimes the young bird will spend a night else- 
where. Most customs and habits are broken, temporarily or for ever, often in a rather 
futile way, and often showing great individual variation. (E. g. nest-companions 
that were accustomed to sleep together may one day prefer to sleep apart, and those 
which were accustomed to sleep apart may one day prefer to sleep together.) In 
short, in addition to the revived syndrome of Hinausweh, the young bird shows the 
syndrome of ‘“‘negation of the until-now’”’ (“‘Verneinung des Bisherigen’’, a term 
applied by Cu. BUHLER, 1922, to characterise the first phase of human puberty). 
A complete regression is shown. This phase is followed by a progressive one, lasting 
a few days, during which the young bird chooses new habitual alighting, perching 
and sleeping places and a new territory which is defended against intruders, and so 
on. All irregularities of life-habits disappear and the daily number of hours of pres- 
ence in the home neighbourhood becomes fairly constant again. Infantile fixations 
have now been overcome and individuation has been accomplished. ‘Thereby the third 
great step towards individuality and independence has been achieved, and a new 
level of pre-independent behavioural organisation has been attained. 

About 1 % or 2 weeks (in extreme cases, 1 or 3 weeks) later, i. e. 3 or 4 weeks (in 
some cases 5 weeks) after fledging, a further period of unrest, disturbance, Hinaus- 
weh and “‘negation towards the until-now”’ sets in. The symptoms are exactly the 
same as in the foregoing cycle but they are even more conspicuous and their variety 
is still greater. Moreover there are even more individual differences between one 
young bird and another. For the rest, however, the symptomatic picture is exactly 
identical to that described above. Even the exploring and roving from branch to 
branch is seen again. Subsequently, in most cases the young bird will be absent from the 
colony for 1 or 2 (sometimes 3) days and nights. On its return the order of customs 
and habits is broken again and a new one established; but this time (at least in most 
cases) no new territorial bonds are entered into. Often the young bird remains 
“territoryless’’, i. e., even if it shows a preference for one particular nest, this nest 
will not be defended against intruders any more, nor will the preferred perches be 
defended. Therefore this cycle may perhaps be adequately characterised as a breaking 
of territorial bonds, at least in the majority of individuals. It is the fourth great step 
towards individuality and independence. As a result of this phase, nesting behaviour 
often attains an organisational level identical to that which is found in most one 
year old birds in spring. (See Fig. 5.) The family-ties with parents and siblings, how- 


ever, remain intact asa rule. 
The fourth developmental step is again followed usually by some days of stable 
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habits. Thereafter, roving and exploring may set in again, habits become irregular, 
sleeping places may be changed, etc. After these introductory symptoms, the young 
bird will as a rule be absent from the colony for a few days and thereafter it will 
return again and enjoy its parent’s feeding; but this time, as a rule no new habit- 
formation occurs. For, within 2 or 3 days the young bird will disappear, not to be 
seen again until next spring, if then. The fifth developmental step has led it to full 
independence at an age of 12 to 13 weeks, in extreme cases 11 4 to 14 weeks, i. e. no 
less than 4% to 7 weeks after fledging. Childhood is over now. The young bird has 
left the colony for the coastal sands and flats and it will soon depart from there on its 
long and risky journey to France, Spain and even Tunisia. In the colony the parents 
give their call-notes in vain. 


Nature of ‘*re-progressive symptoms”, or ‘‘ruptural behaviour”, or ‘amoebic 
activities”. 

When surveying the whole sequence it will be clear that we are dealing 
with one single but step-like proceeding process. Each successive develop- 
mental jump can be considered to be a topographical life-expansion 
of the individual as well as an autonomisation or “‘self-realisation”’. In 
each successive jump a link with and a dependence on the parents is 
severed (which may be called a step towards individuality), and at the 
same time in each jump a new relation to, and a new task in the outer 
world is established (which may be called a step towards independence). 
Moreover, each successive jump can be considered an anticipatory 
stage toward the next one. In each of them the young bird, by its 
symptomatic Hinausweh, its negation toward the until-now and its 
temporary absences feels and reaches out, so to speak, toward full in- 
dependence, which goal, however, remains out of reach so long as the 
intervening stages have not been passed through. It is quite natural, 
therefore, that at the end of each cycle the urge finds its condensation 
and crystallisation in making the next necessary step and consequent- 
ly the urge appears to be satisfied during the ensuing few days. 
Apparently the urge must swell and be dammed up for several days 
before it is strong enough to break through the conservative resistance 
and set in a new rupture of behaviour. Considered in this way, we 
must assume that the developmental libido (or “‘instinct formatif”’ as 
it was called by von Monaxkow) exerts a continuously proceeding pro- 
cess, which process however results in a discontinuous and rhythmical 
series of effects. ‘The reason for this is quite a simple one, for the number 
of organisational levels of behaviour is restricted, and consequently the 
animal must necessarily jump from one level to another!. 


' The reader might object that this process is interrupted by a period of latency, 
lasting from 1 ¥% to 2 weeks after fledging until 3 or 4 weeks after fledging, as men- 
tioned above, which fact contradicts a continuous process. It may be added, there- 
fore, that in this period, developmental libido is used up by the ontogenetic develop- 

(see cont. p. 241) 
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From this point of view, the regressive symptoms in the introductory 
phase of a cycle are regressive and progressive at the same time. One might 
more aptly call them “‘reprogressive”’ symptoms, or something like that, 
in order to distinguish them sharply from the pathological type of 
regression which is only a relapse. One might also call them “‘rup- 
tural’ behaviour in order to indicate that in them no definite ‘‘texture”’ 
of behaviour can yet be discovered. Or one might even call them 
“amoebic” activities in order to indicate their formlessness and multi- 
formity at the same time. All such terms are only words. The essential 
feature is that in these vague behavioural phenomena a new instinct- 
ive urge which has no form, no object and no goal yet, tries to find its shape 
and expression. It is exactly the absence of any definite instinctive outlet for 
this urge which determines its multiformity and variability. Conse- 
quently these behavioural phenomena might be described at the same 
time as intention movements, as displacement activities, as appetitive 
behaviour and as non-innate trial-and-error behaviour. They seem to 
be found at the common root of all these more distinct types of behav- 
iour, in the same way as Amoeba is found, so to speak, at the root of all 
living nature. In this groping and reaching toward the future there is 
no true distinction between reshuffling and pathfinding, or between 
breaking and making. Regression and progression are aspects only of 
one and the same process by means of which a vague urge is trying to 
canalise its way and find its new shape. (See, however, § 4, p. 258.) 
Metaphorically speaking, one might say that the young bird is search- 
ing through its abilities in order to find the instinct the urge of which is 
pressing. Here again (as in § 1, p. 231) the demarcation between in- 
stinctive and non-instinctive behaviour appears to fade. 


Ruptural symptoms of a similar type as described above are well known in the in- 
troductory phase of developmental jumps in man, especially in puberty but also in 
other decisive life-periods. (E. g. symptoms of “‘Sturm und Drang’’, symptoms of 
“life begins with forty”, etc.) Similar phenomena occur also during certain phases 
of psychoanalytical treatment and in the creative periods of artists and scientists of 
an intuitive type of mind. 

In animals some features of ruptural behaviour have been recognised by Por- 
TIELJE (1948) and were described as follows: (translated) ‘‘In youth or in renewed 
initiation this as yet incompletely performed behaviour gradually manifests less or 
more differentiation and also integration, and finally it is accomplished with the 
real instinctive object and in the proper natural setting. During this process, species- 
innate goal-striving is regulated by subjectively experienced pleasure and pain, 
stimulated by objectively excited emotions and primed by environmental situations 
(characterised by imagos and acting as symbolic goal-objects) until such a level is 


(cont. note p. 240) ale 
ment of other behaviour systems, as expounded briefly in Chap. II. More details will 
be given in a forthcoming book on ‘‘Texture and Tecture in the Behaviour of the 


European Cormorant”. 
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reached as is necessarily required for a complete realisation of its biological intention.” 
(loc. cit., p. 184.) Or, in plain words: Innate behaviour develops from a rather vague 
to a clear-cut state, and in this maturational process, the regulating, stimulating and 
priming influence of external factors is required in order that full integration shall be 
accomplished. To this, Portmrje added a quotation from the philosopher WuirTE- 
HEAD: ‘‘Symbolic expression of instinctive forces drags them out into the open, dif- 
ferentiates them and delineates them.” From all this it will be clear that PORTIELJE 
recognised the element of groping, reaching and path-finding in this type of behaviour 


C= 


and also that he recognised we are here in a sort of no-man’s land between “‘in- 
nate” and “‘acquired”’ although for the rest he did not recognise the rhythmical and 
cyclical sequence of developmental jumps. Unfortunately, however, this type of 
behavioural symptoms was classified by him together with several other types of 
activities under the heading of ‘‘symbolic activities” and consequently their separate 
nature (as compared to phylogenetically or ontogenetically stabilised symbolic ac- 
tivities) has remained unnoticed by his readers. In PoRTIELJE’s terminology this type 
of activities might have been appropriately designated as “‘primary symbolic ac- 
tivities’’ in contrast to the innate and the neurotic types. 


Imprinting and regeneration 


It is a curious fact that until now no evidence pointing to the occurrence 
of regenerative regression has been found in other animals than the 
cormorant, except for the two cases quoted by Mryer-HOoLzaPFEL. 
On theoretical grounds one might expect regenerative regression to be 
a very common phenomenon indeed in all animal species which are 
characterised by a fairly complicated behavioural organisation, for the 
principle of ascending development may easily cause the building 
stones not to fitin with each other during the later stages of ontogeny. It 
would be surprising if Nature had failed to make provision for such cases. 
In order to clarify this point we may consider some aspects of the 
phenomenon of object-choosing, as it was called by FREup, or im- 
printing (Pragung), as it was called by HEtnrotu. We have seen that, 
in the course of ontogeny, the bottom-level instincts at first mature 
independently of each other, and that afterwards these instincts be- 
come united into the next-to-bottom instincts which in their turn 
mature independently of each other until, at a still later age, they in 
their turn become united into still larger units, and so on. Consequently 
if in the earlier stages of development a particular sub-instinct has 
become accidentally conditioned to an abnormal type of object, at a 
later stage its superordinate instinct will also appear to be conditioned 
to an abnormal type of object; for, as we know, the more complicated 
object toward which a higher-level instinct is directed, is largely com- 
posed of a mixture of characteristics which are derived from the more 
simple objects toward which its subordinate instincts are directed!. 


‘ Imprinting has sometimes been called conditioning in the absence of a drive and 
a reward. Actually, however, the young animal shows appetitive behaviour toward 
(see cont. 243) 
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Now at first glance one might expect that the characteristics of the 
higher-level object will be a simple adding up of all the characteristics 
of all the subordinate lower-level objects. Actually, however, this is by 
no means the case. On the contrary, no man will ever fall in love with a 
woman. who is in all respects (physically and mentally) exactly iden- 
tical with his mother twenty years previously, although no doubt he 
will be very interested when meeting such a woman. Similarly, no 
man-reared jackdaw will ever fall in love with the man who has reared 
it from its earliest infancy, although no doubt it will fall in love with 
one or another human being as soon as maturity is attained (LORENZ 
1935, Pp. 172.) Analogous cases of neurotic ‘‘object transference” 
(according to psychoanalytical terminology) in geese have been de- 
scribed by THorRPE (1951, p. 172) while their counterpart may be found 
in HEINROTH (1910, pp. 652-654) where the spontaneous divorce of 
incestuous pairs of immature geese has been described. 

From all this it appears that there must be certain remodelling, 
transforming, or regenerating forces or agencies which exert their in- 
fluence in the intermediate period between the conditioning of the 
lower levels and the maturation and integration of the higher levels. 
Further, we must assume that in this regenerative process, newly ma- 
turing innate components are added to the characteristics of the object 
and will be amalgamated with them. It is especially STEINBACHER 
(1939) who has recognised the importance of this last-mentioned point 
with regard to imprinting processes in animals. According to his ac- 
count: ‘‘When growing older, young animals which have been im- 
printed to man often appear to join members of their species from the 
first moment onwards and without any trouble... Perhaps this may be 
explained by assuming that certain characteristics of the releasing pat- 
tern of the species-companion (Artkumpan) are innate but start to 
work not before development is well advanced... If, however, young 
animals that have been reared in isolation continue to have contact 
exclusively with human beings for a very long time, then as a result these 
innate recognition characteristics will be covered up again... During 
ontogeny, the releasing pattern of the species-companion seems to 
develop from the releasing pattern of the parental companion, but, in 


(cont. note p. 242) 

the imprinting object, so there must be a drive, and further there is a reward also. 
The point is that, in the sensitive period, the bottom-level instinct is rewarded and that, 
at a later age, the resulting pattern is adopted by the higher-level instincts without any 
further reward. (See also Chap. I, point 4 according to Freup, and Chap. III, p. 211 
and p. 219.) Further, in order to prevent confusion, it must be remembered that we 
are dealing here not so much with objects by which reactions are elicited, but rather 
with objects by means of which satisfaction can be gained, or at least abreacting can 


be accomplished. 
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this process, innate components which emerge not before a more ad- 
vanced age has been attained seem to play a role as well.” (Translated 
from loc. cit., pp. 304-305.) 

All such processes are included under the concepts of “‘transforma- 
tion of libido”’, or ‘“‘vicissitudes of instincts” discerned by FReup. Con- 
sidering that, after full maturity has been attained, as a rule all sub- 
instincts belonging to one functional cycle become directed towards one 
and the same object, we may be pretty sure that in animals the regene- 
rative processes are able to cope with very difficult cases indeed, that 
is to say with cases which in man would require the help of a profes- 
sional psychoanalyst. It is these regenerative processes which are 
responsible for what THORPE (1951) has called the ‘“‘generalisation of the 
(sensory) pattern’ in imprinting (loc. cit., pp. 260-261). Only in the 
most extreme cases, for example in the turkey described by RABER 
(1948), will a lasting dissolution of the animal’s behaviour system 
follow, which outcome might be called an “‘experimental neurosis” in 
optima forma. With regard to such extreme cases THORPE stated: “‘A 
number of observations suggest that once imprinting to the ‘right’ 
object is prevented the whole behaviour pattern is lable to be dis- 
rupted, with the result that one piece gets attached to one imperfect 
object, another to another, and the various mating and social reac- 
tions may become attached to almost any object except the correct 
one.”’ (loc. cit., p. 261). Such cases, however, are very rare indeed and 
therefore it is a surprising fact that up to now so little is known of the 
regenerative processes preventing such cases coming into being. 


§ 3. THE PRIMING FUNCTION OF HIERARCHY 


Hitherto in this paper, we have regarded hierarchy as essential a system 
of appetites each of which represents a specific goal, thereby implying 
that the animal may pursue a lower or middle level goal either in 
order to attain this goal for its own sake or as a means to attain a goal 
of higher order. In other words, a superordinate appetite is assumed 
to be able to use and operate all its subordinate appetites as tools, or as 
intermediate goals by means of which the superordinate goal will ul- 
timately be accomplished. This implies at the same time that all effer- 
ent impulses, when elicited, are assumed to flow off downwards from 
instinct to instinct (1. e. from centre to centre) until they are discharged 
in a motor outlet (either half-way or at the bottom), or until, in the end, 
the superordinate instinct from which they originate is satisfied and 
consequently ceases to produce nervous impulses. (The third possibility, 
viz. that the impulse sparks over to a displacement activity, may be left 
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out of consideration for the moment.) According to this picture, hier- 
archy must be considered as a one-way traffic system. 

There is, however, some factual evidence suggesting that this picture 
is an incomplete one. Apparently, in the long run a subordinate in- 
stinct, especially when regularly and strongly activated by environ- 
mental stimuli, is able to prime the tendency of the instinct next above it. 
This would mean that in a hierarchical system, there is not only a short- 
term one-way downward traffic of actual impulses but also a long-term 
upward (or perhaps two-way) traffic of tendencies. The word ‘‘tendency”’ 
should be taken here as a technical term, as defined on p. 189. Or, in 
other words, momentary impulses can travel only 
downwards but a prolonged state of frequent ex- 
ternal stimulation of a lower or middle level instinct 
may cause an upward influence resulting in a lasting, 
or even permanent state of hyperactivity of that next 
above it. (One might remark that a similar phenom- 
enon is found in social hierarchies, e. g. in an army 
at war; but in this case the state of hyperactivity of 
the higher levels does not last long after the external ‘‘stimulation”’ of 
the lower levels has ceased!) A scheme is given in Fig. ro. 


Fig. 10 


Evidence of upward priming 
Evidence pointing to this type of interaction may be derived from 
various sources. 


First of all, teachers and educationists have recognised that too much fondling as 
well as much punishment may accelerate and prime sexual development in children. 
In particular the confessions of JEAN JAcQuEs RoussEAu have contributed to the 
spreading, on the European Continent, of the idea that beating on the buttocks is apt 
to arouse sexual urges and may, in some boys, even cause erection and orgasm. Now- 
adays this idea also seems to extend to the staffs of some English boarding schools 
(CHESSER 1941). 

Secondly, the importance of priming in its relation to a hierarchical organisation 
of instincts was recognised by Freup as early as 1905. The following quotations from 
his ‘“Three Essays on the Theory of Sexuality”’ will illustrate this point and give at 
the same time a teleological explanation of its biological use: ‘“‘We may expect that 
Nature will have made safe provisions so that the experience of satisfaction [of in- 
fantile sexual instincts by means of erogenous zones] shall not be left to chance... 
The contrivance that fulfils this purpose in the case of the labial zone... is the simul- 
taneous connection which links this part of the body with the taking in of food... 
Like the labial zone, the anal zone is well suited by its position to act as a medium 
through which sexuality may attach itself to other somatic functions ...'The intestinal 
disturbances which are so common in childhood see to it that the zone shall not lack 
intense excitations... The anatomical situation [of glans penis and clitoris], the secre- 
tions in which it is bathed, the washing and rubbing to which it is subjected in the 
course of a child’s toilet, as well as accidental stimulation (such as movements of 
intestinal worms in the case of girls) make it inevitable that the pleasurable feeling 
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which this part of the body is capable of producing should be noticed by children 
even during their earliest infancy, and should give rise to a need for its repetition... 
It seems that the fullest provisions are made for setting in motion the process of 
sexual excitation — a process the nature of which has, it must be confessed, become 
highly obscure to us... The decisive element in these sources of sexual excitation is 
no doubt the quality of the stimuli, though the factor of intensity, in the case of pain, 
is not a matter of complete indifference. But apart from these sources there are pres- 
ent in the organism contrivances which bring it about that in the case of a great 
number of internal processes sexual excitation arises as a concomitant effect, as soon 
as the intensity of those processes passes beyond certain quantitative limits... A 
child’s intercourse with anyone responsible for his care affords him an unending 
source of sexual excitation and satisfaction from his erotogenic zones. This is especial- 
ly so since the person in charge of him, who, after all, is as a rule his mother, herself 
regards him with feelings that are derived from her own sexual life: she strokes him, 
kisses him, rocks him and quite clearly treats him as a substitute for a complete 
sexual object. A mother would probably be horrified if she were made aware that all 
her marks of affection were rousing her child’s sexual instinct and preparing for its 
later intensity. She regards what she does as asexual, “‘pure”’ love, since, after all, 
she carefully avoids applying more excitations to the child’s genitals than are un- 
avoidable in nursery care. As we know, however, the sexual instinct is not aroused 
only by direct excitation of the genital zone. What we call affection will unfailingly 
show its effects one day on the genital zones as well. Moreover, if the mother under- 
stood more of the high importance of the part played by instincts in mental life as a 
whole — in all its ethical and psychic achievements — she would spare herself any self- 
reproaches even after her enlightenment. She is only fulfilling her task in teaching 
the child to love. After all, he is meant to grow up into a strong and capable person 
with vigorous sexual needs and to accomplish during his life all the things that human 
beings are urged to do by their instincts. It is true that an excess of parental affection 
does harm by causing precocious sexual maturity and also because, by spoiling the 
child, it makes him incapable in later life of temporarily doing without love or being 
content with a smaller amount of it.” (loc. cit., Ges. Werke, V, pp. 85-125; Stand. 
Ed. VII, pp. 184-223). 

Thirdly, similar phenomena have been demonstrated in the male three-spined 
stickleback by vAN IERSEL (1953). According to his account, in this fish a distinction 
of three hierarchical levels can be made: the top-level is represented by the repro- 
ductive “‘drive’’, the middle-level by e. g. the parental ‘‘drive’’ and the bottom-level 
by e. g. the fanning “drive’’!. He found that ‘‘eggs do not only have an immediate 
releasing effect but help to build up the drive as well’’, and further, “very probably, 
the eggs do not only prime the fanning drive, but also the reproductive drive as a 
whole, which drive must be superordinated above the sex and the parental sub- 
drives.” (loc. cit., pp. 98 and 135). In other words, external stimulation of a bottom 
instinct during a longer span of time causes a gradual increase of the endogenous stimu- 
lus production in the superordinate instinct. A similar phenomenon was found in 
Cichlid fish by BAERENDs (verbal communication). 

It may be added that the term “‘priming”’ in its technical sense (as it has been 
used in this paper) is derived from vAN IERsEL, although vAN IersEt still uses it as 
a colloquial word. This term seems preferable to the psychoanalytical equivalents 
“excitation” (Erregung) and ‘‘arousal’’ (Wecken), for these have several other con- 


‘ In his paper the term “‘drive’’ seems to have been used in a twofold meaning: 
(1) as a synonym of our term “‘tendency” as defined on p. 189, (2) as a synonym of 
TINBERGEN’s term “‘instinct”’ or ‘“‘centre’’. Fanning is a special activity by means of 
which the eggs in the nest are ventilated. 
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notations. Of course the concept of priming need not necessarily imply an upward 
process in a hierarchy: there may also be a downward priming and a priming in one 
single instinct. The last mentioned type has been recognised also by McDoucatt. 

A fourth source of evidence with regard to upward priming is perhaps found in 
practical animal husbandry. In domestic cattle some bulls appear to suffer from a 
subnormal sexual urge, or from an inadequate extrusion of the penis. In some cases 
this defect can be cured by placing the bull for some weeks in a field, together with 
a number of cows. This procedure, however, is only successful in fairly young bulls. 
Apparently, play between bull and cows augments the sexual potency of the young 
bull. After the bull has been returned to his stall, the improvement in his serving and 
extrusion capacities appears to be lasting, although not in all cases (verbal commu- 
nications from specialists in artificial insemination). If the result were caused exclu- 
sively by conditioning, one would expect an immediate relapse to be the rule after 
the bull had been returned to his stall, for bulls are very sensitive to environmental 
changes. Therefore, apparently, the cure must be attributed to a priming process. 
More research on this point is desirable. 

A fifth source of data may perhaps be found in American literature on condition- 
ing and learning. It seems plausible that many cases of so-called ‘‘conditioning”’ 
and “‘learning”’ are actually cases of priming. This might apply e. g. to the ontogeny of 
feeding and hoarding behaviour in rats (Brrcu and Riess, quoted by BEACH 1951, 
HEBB 1953, and LEHRMAN 1953). In view of the wealth of literature, however, the 
writer feels incompetent to make any definite statement on these points.! Other 
evidence suggesting the priming of pain and social behaviour in chimpanzees has 
been given by Nissen, CHow and SEMMEs (1951). 

As a sixth source, some castration experiments may be considered. It is a well- 
known fact that in many species of mammals, including man, castration when applied 
after puberty often exerts little effect on sexual motivation and potency, whereas 
castration before puberty results in a considerable reduction of the sex drive. From 
this it seems plausible that testicular hormones act both as stimulating and priming 
agents. Here the difficulty is, however, that the student of behaviour goes out of his 
own domain because the physiological aspects of this matter cannot be left out of 
account. For the rest the question, what sort of physiological processes may be under- 
lying priming, has to be considered separately as long as we know so little about the 
occurrence of priming itself. 

Finally, as a seventh group of data relevant to this problem, some neurophysiolog- 
ical experiments by Hess and BrUGcER (1943) may be mentioned. By means of 
electric stimulation of the hypothalamus in cats these authors were able to localise 
a hierarchical system of nervous centres controlling urination and defaecation. By 
choosing the appropriate area of stimulation either the complete pattern (including 
appetitive behaviour) or partial patterns could be elicited at will. In the course of 


1 In other experiments taken by prrcu the development of the maternal instinct in 
female rats was investigated. He raised rats fitted from an early age with ‘Eliza- 
bethan ruffs’”’ preventing oral and nasal contact with the genitalia. According to the 
published accounts, these rats showed a defective and disrupted maternal and nesting 
behaviour even if the ruffs were removed during the last stages of pregnancy. A re- 
petition of these experiments by H. E. Coomans (Zoological Laboratory, University 
of Amsterdam) suggests, however, that (1) presence or absence of a ruff at an early 
age is irrelevant, (2) presence or absence of a ruff during parturition is decisive, (3) 
if the ruff is removed immediately after parturition, or at a later stage of the repro- 
ductive cycle, normal maternal behaviour will be restored within two or three days. 
The experiments are still in progress. 
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these investigations it was found that “there is a marked tendency toward mobilisa- 
tion of the complete mechanism belonging to the complete performance, even if only 
a partial performance is directly induced.” (translated, loc. cit., p. 531). Now it 
must be admitted that this result is only a case of upward excitation instead of up- 
ward priming in the hierarchical system, but nevertheless it is an important finding 
in this context because it contributes to a clarification of the whole process. 


From the foregoing we may conclude that the upward priming func- 
tion of hierarchy has been definitely proved in man and that it may be 
accepted at least asa plausible working hypothesis in animals. (See also 
the conclusions drawn in §§ 1 and 2 of this Chapter, pp. 225, 229, 
230 and 235.) If this hypothesis is taken for granted for the time being, 
we are able to explain a curious aspect to be considered now: viz. what 
might be called the apparent ‘“‘asymmetry” of hierarchical systems. 


Asymmetry of hierarchical systems ; 

In order to elucidate this point we can make a schematic drawing of a 
hierarchical system. In doing so, we will arrange instincts of the same 
level from left to right in the order in which they successively mature 
during ontogeny or seasonal maturation. (As discussed earlier, in- 
stincts of different levels mature in a sequence leading from the bottom 
to the top.) Now at first sight one would expect the scheme to be a 
symmetrical and isosceles one as represented in Fig. t1a. Actually, 
however, in many cases in which the ontogeny of a hierarchical system 
has been studied, an asymmetrical type is found, as represented in 
Fig. 11b, or even the type indicated in Fig. 11c, or at least an inter- 
mediate type between a, b, and c. (The symbols are the same as used in 
Figs. 3-6.) 


Sequence of maturation —> 


Sequence of maturation —> Solid lines: routes of discharge 
Dotted lines: routes of priming 
Fig. 11a Fig. r1b Eigse 


Of course these schemes intend to give no more than a simplified 
picture. There are a number of exceptions; e. g. in predators when 
growing up, hunger appears earlier than the hunting behaviour subor- 
dinate to it. (See Fig. 6. The reverse would indeed be biologically im- 
possible, for a neonate requires food.) For the rest, however, type c 
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seems to be the most common type of hierarchical organisation of in- 
stincts and motor mechanisms including consummatory as well as 
instrumental acts. In other words, there seems to be a kind of ‘‘priming 
route’ guiding the tendency upwards from the bottom to the top of the 
hierarchy. The instincts seem to act as stepping stones along this route. 
Or, in the language of developmental physiology as enunciated by 
SPEMANN and others, an instinct may in some cases act as an ‘‘organiser”’ 
or “‘evocator” of the growth of its next-higher superordinate instinct, 
at least as far as priming is concerned. This might explain why the 
longest root is grown for the first-maturing branch. It still does not 
explain, however, why instincts must be primed at all. 

Obviously more research will be needed before definite statements can 
be made on this aspect of hierarchy. Present evidence suggests an a- 
symmetrical arrangement and maturation of hierarchical systems in 
man, in the cormorant and in some animals as dealt with in §§ 1 and 2 
of this Chapter but in all these species we still know so little about the 
hierarchical system itself that we can venture only assumptions as to 
its developmental mechanisms. Considering that the essence of the 
ideas expounded here were launched by Freup half a century ago as 
quoted above, one must admit that in the intervening time very little 
further scientific progress has been made on this point. 


The concept of instinct re-evaluated 

No doubt in future the discovery of priming in animals will seem to 
lead to deep encroachments on the concept of instinct. In order more 
fully to appreciate this, some broad lines must be drawn. 

Once upon a time, everybody thought they could conceive a clear 
idea of the notion of instinct. Instinct simply meant innate behaviour. 
(At present the term “‘instinctive”’ as a synonym of “‘innate’’, still harks 
back to those happy days.) At that time, an instinct was supposed to 
be an innate linkage between an innate object, an innate reaction, an 
innate amount of nervous energy and an innate goal. It is true, there 
were some terminological differences between authors. On the afferent 
side of behaviour one might take one’s choice between an innate 
stimulus object, sign stimulus, perceptual pattern, releasing mechanism 
or cognition; but in any event the object eliciting instinctive behaviour 
was supposed to be strictly and wholly innate. On the efferent side, 
whether it was called reflex, response, reaction, motor mechanism or 
erbkoordination, instinctive behaviour as such was considered to be 
entirely rigid. Similarly the amount of nervous energy eliciting or ac- 
companying instinctive processes, called either impulse, drive, emotion, 
libido, reaction-specific energy or SAP, was conceived to be innate and 
physiologically determined. And, finally, the goal of instinctive behav- 


250 A. KORTLANDT 


iour was thought to be so much innate that it did not occur to anybody 
to doubt and discuss this point. Again, in those days, intelligence and 
and learning were considered as something of a quite separate nature, 
superimposed upon the solid and rigid foundation of instinct. An ani- 
mal raised in complete isolation would, by definition, perform perfect 
and faultless instinctive behaviour after having attained maturity. (A 
complete experiment of this kind, however, has, at least in the higher 
vertebrates, never been made.) These ideas and theories may be called 
the preformationist doctrine of instinct. 

A first breach in this doctrine was made early in this century when 
it became customary to compare an instinct with a steam-engine: the 
boiler and the fire under it (i. e. the drive and the amount of nervous 
energy) were considered to be innate structures, unaffected by the 
outer world, but the rest of the machinery (i. e. the eliciting object and 
the elicited reaction) was regarded as an inextricable intermingling of 
innate and acquired components, In particular, McDoucGa.t often 
used this analogy. The core of these ideas was that the sensory and mo- 
tor patterns of instinct itself could be modified by experience, whereas 
the amount of drive and the goal could not. The word ‘‘modified’’, 
however, indicates that preformationism was essentially maintained. 

At about the same time FREuD went much further by stating that, 
in the initial stage of human development, instinctive drives are essen- 
tially neither elicited by a specific object nor directed towards a specific 
goal. According to his account, instincts or drives (Triebe) are essen- 
tially nothing more than unshaped and uncanalised amounts of nervous 
energy and even their sources were supposed to become largely aroused, 
stimulated and primed by depending upon (or leaning up against, or 
being anaclitic to) certain bodily functions or environmental occur- 
rences. One might say that the boiler was still supposed to be innate 
but not the fire under it, nor the steam-pipe conveying the steam to- 
ward one or other part of the discharging machinery. The relation 
between innate and acquired components was no longer conceived as 
an intermingling but as an interlocking in one and the same develop- 
mental process. Broadly speaking this concept maintains that it is not 
the instincts that shape the individual’s world but the world that shapes 
the instincts. The idea of instinct was converted into an abstract con- 
cept, indefinable and “‘nicht-anschaulich’’, something like a pluripotent 
system of “‘psychogenetic potencies” if such a term may be coined, 
analogous to the histogenetic and topogenetic potencies described in 
developmental physiology. Preformationism was thus, so to speak, re- 
placed by the doctrine of epigenesis. 

To be sure, FReup supposed the instincts to be largely preformed and 
predetermined by bodily conditions, erogenous zones, primal phanta- 


Hib RAR CHY OR INSFINGES 25H 


sies, hereditary factors, biological relations within the family and so on, 
but all these agents do not affect the notion of instinct as such; they are 
essentially only the organisers of instinct. Even the total amount of 
libido of all instincts together, including object-libido as well as ego- 
libido, was conceived by FREup as a variable amount of energy (Ges. 
Werke V, p. 118; Stand. Ed. VII, p. 217). Virtually nothing was left 
at all of the previously generally assumed innateness of instinct. 

In the course of the following years, namely the twenties and thirties, 
these and similar ideas gradually (but very slowly) penetrated among 
those students of animal behaviour who were so fortunate as to be able 
to avail themselves of the laboratory equipment and funds necessary 
for experimental work on the ontogeny of behaviour. The progress 
achieved in this direction can be assessed from the recent papers of 
Hess (1953) and LEHRMAN (1954). From their argument no other 
conclusion is possible than that the idea of “‘innateness’’ usually asso- 
ciated with the concept of instinct must be considered out of date. One 
can only regret that so many workers in this particular field overshot 
their mark by throwing overboard the whole concept of instinct, merely 
through fear of its connotations. 

On the European continent, on the other hand, the standard equip- 
ment of the average student of animal behaviour consisted of nothing 
more than a bicycle, a note-book, field-glasses and a hide made of old 
sacking. Thus field work and occasional zoo observations were prac- 
tically the only sources of knowledge. In many cases the work was done 
exclusively during spare time and experimental work to any extent was 
out of the question. Consequently, it is not surprising that all these 
students studied “‘instinctive’’ behaviour without realising what they 
meant by this term. No behaviour other than “‘instinctive” behaviour 
could be conceived and the study of behaviour was considered identical 
to the study of instinct. 

Nevertheless, among ethologists also, the idea of innateness of in- 
stincts gradually faded. The rediscovery of imprinting by HEINRoTH 
and Lorenz made a breach in the innateness of the instinctive object. 
The rediscovery of hierarchy affected the contraposition of variable 
appetitive versus rigid consummatory behaviour and it also affected 
the assumed specificity of reaction-specific energies. Moreover, the re- 
discovery of priming led to discussion on the innateness of the amount 
of instinctive energies. Finally even the goal of instinctive behaviour, 
the supposedly rigid erbkoordination, has in some cases turned out to 
be for a large part a product of imprinting (THoRPE 1954) or flash- 
learning (this paper p. 223). On another line of research the justifica- 
tion of the customary distinctions between “‘instinctive”’, “‘acquired”’ 
and “‘intelligent” patterns were brought into doubt. (KoRTLANDT 
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1943; see also pp. 225, 226, 230, 231 and 241 in this paper.) From all 
this there can be no doubt that the concept of instinct is gradually 
merging into a formative principle, an abstract and indefinable organ- 
iser, or potency, or something similar in developmental psychology and 
physiology. A rapprochement toward similar ideas on this point ex- 
pressed by such neurologists as von Monakow, or K. Go.psrem, be- 
comes apparent. 


Downward priming 

Having arrived at the end of this sub-chapter, the question may be 
raised whether there occurs also a downward priming process in hierarch- 
ical systems. This question is not easy to answer for it will be very diffi- 
cult to distinguish downward priming from normal reinforcement in 
learning processes. One might even doubt whether it is possible to 
establish a criterion by means of which such a distinction can be made, 
or perhaps, ina bold mood, one might go so far as to state that downward 
priming is nothing other than a causal explanation of what until now 
has been called reinforcement. An example may illustrate this point. 


As mentioned above, cattle-breeders sometimes try to cure a subnormal sex drive in 
bulls by means of a procedure which seems to be based upon an upward priming 
process. In these cases reinforcement is out of the question, for sexual gratification is 
attained by the bull not earlier than after the upward priming process has been rea- 
lised. In these cases priming might be considered a type of learning without a reward. 
There also occurs, however, a number of cases in which cattle-breeders apply a 
reversed procedure: in these cases a bull which is unable to serve, due to a subnormal 
sex drive or to an insufficient extrusion, is trained for breeding by means of artificial 
ejaculation, combining a cow as a stimulus object and an artificial vagina as a con- 
summatory object. In these cases no one is able to state whether the successful cure is 
to be attributed to the stzmulation of the ejaculatory instinct, causing a downward 
priming of the mounting and extrusion instincts, or to the rewarding of the ejaculatory 
instinct, causing a reinforcement of mounting and extrusion according to the prin- 
ciples of conditioning theory. It seems doubtful, therefore, whether such a distinc- 
tion can be useful. (See also TRAUTWEIN 1954.) 

Nevertheless, the problem may be approached from another 
angle. Fig. 12 will clarify this point. Take the case of a 
hierarchy consisting of a top-level instinct, called T and two 
subordinate instincts, A and B. During ontogeny A and B mature 
first and at a later age T matures. (No upward priming eman- 
ating from B is assumed.) Further, we will suppose that, due to 
environmental circumstances, either accidental or experimen- 
tal, T is always satisfied exclusively by meansof A. Or, inother 
words, B is redundant as an instrumental act in the service of 

Fig. 12 T. Hence B is never reinforced by a rewarding of T. Now 

suppose further that the maturation of T appears to be fol- 

lowed by a gradual and lasting or permanent increase of the tendency of B and 

also that this increase appears to be unaffected by Jater fluctuations of the tendency 

of T. In this case downward priming would provide a possible causal explanation. 
An observational instance of this hypothetical case is suggested by Hunt (1941). 
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The question might be raised whether downward priming may provide an ex- 
planation for the observational facts according to which ascending development 
during ontogeny is accompanied by an increased variability of behaviour at a level 
just below the newly matured one and by a decreased variability at the lower levels. 
(See pp. 191 and 222.) This question cannot be answered yet. 

It may be added that according to Freup something like downward priming does 
occur (Ges. Werke V, p. 107; Stand. Ed. VII, p. 205) but in this case the exact nature 
of the phenomenon is too little known to justify a parallel between human and animal 
behaviour. For the rest, in the general framework of psychoanalytical as well as psycho- 
somatic theories the reciprocity of connections (or vice-versa-principle, as it has been 
called with regard to displacement-activities) plays an essential role. 


§ 4. THE PATHFINDING FUNCTION OF HIERARCHY 


In the foregoing §§ of this Chapter, we have tried to find out what 
biological purpose hierarchy serves. Three main functions have been 
suggested: (1) formation of sensory and motor patterns by means of 
play exercise, (2) regeneration of acquired patterns by means of preven- 
tion of atrophy or by means of regression, (3) arousal of instincts by 
means of upward priming. In all these aspects we have found more or 
less definite evidence indicating that hierarchy of instincts bears some 
relation to the developmental processes which shape and reshape what 
is usually called ‘‘non-instinctive” (i. e. non-innate) behaviour. In other 
words, hierarchy of instincts is not so much an organisation of “instinctive” 
behaviour as an organiser of “‘non-instinctive’’ behaviour. Consequently, 
as a result of these findings, the demarcation line between “‘instinctive”’ 
patterns and ‘‘non-instinctive”’ patterns tends to disappear. 


The peculiar nature of pre-rutting behaviour in deer 
There exists yet a fourth category of behavioural phenomena which 
seems to be related to hierarchy and with regard to which the same 
statement given above can also be made. It is not yet quite clear, how- 
ever, whether this category (which will be discussed now) must be 
considered a sefarate category, or whether it should be included under 
one of the three categories alluded to earlier in this Chapter. We will 
therefore start with some descriptions of behaviour before making any 
comment. 

To begin with, the behaviour of male Cervidae preparatory to the rut 
will be considered. 


The following account refers to Scottish red deer (Cervus elaphus L.) and has been 
taken from Dar.inc (1946, pp. 160-164).‘“The stags remain in companies until the 
velvet is shed. [About the third week of August.] At this time, a tendency for con- 
siderable movement among the stags is apparent. It is not altogether general, but 
new animals are noticed on the grounds; others which have been there all summer 
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disappear. But there is no hint yet of the stags being in rut.” (A recorded case of a 
circular movement observed in the second half of August and measuring at least 
175 miles is mentioned by Daruinc.) “A stag travelling in August and early Sep- 
tember proceeds at a walk for the most part, but as the rut approaches his gait 
changes to a trot... During the week or two before the rut breaks, the stags appear to 
flock more than they have done for most of the summer. The bands move from end 
to end of their territories in the day and the observer cannot predict where they will 
be with the same assurance which he might have used a month before. At this time 
the stags are taking sly digs at each other with their antlers and the whole band occa- 
sionally indulges in a romp... The antlers are not used by the stag immediately they 
are clear of velvet, but as the rut approaches they are flourished in a neighbour’s 
ribs in playful manner... In the week or two before the rut, the stags open up their 
wallows and roll in them once or twice each day... The rutting stag is black-brown 
after wallowing, and as I shall point out in another chapter, deer are more frightened 
of dark objects than of light ones... H1ncsron emphasizes the psychological value of 
the black-brown hair tufts or mane of mammals in fighting... The larynx of the stag 
develops during this period and he uses his roaring voice when he breaks into rut... 
September 2oth is the traditional date for the rut to break in this area of the Scottish 
forests. Nutritional conditions during the summer make for some latitude.’ (Mount- 
ing up to October 1st according to DAaRtING’s data. The quotations given above have 
been rearranged by the present writer in the proper chronological order apparent 
from Dartino’s paper. See also loc. cit., pp. 79 and 99.) 


From this description we may conclude that rutting behaviour in stags 
develops in the following sequence: (1) Random movements and roving 
far beyond the borders of territory. (2) Flocking, false fighting and 
wallowing, i. e. development of lower (or middle?) level sexual behav- 
iour, accompanied by some roving inside the territorial borders. (3) 
Roaring, fighting and copulation, i. e. development of top-level sexual 
behaviour, accompanied by herding of hinds. In other words, at first 
a vague roving tendency emerges and thereafter roving decreases in 
the same degree as ascending development and integration proceeds. 


Several aspects of this type of development have also been described by ALTMANN 
(1952, pp. 125-126) in her study of the wapiti, Cervus canadensis nelsoni. ‘During 
August the velvet is rubbed to shreds and the soft and probably sensitive antlers 
harden. This shedding of the velvet corresponds to the hormone level of the bulls 
according to Wistocki et al. (1947)... Gradually the behavior of rubbing the antler 
against trees is supplemented by beating each other and mock-fighting... In the last 
days of August the bull group at the Park was undergoing further changes. They still 
traveled together but the group was more spread out and more easily broken up... 
With the beginning of the second week in September, the bulls became bolder and 
were not easily disturbed. When a young bull passed a cow he raised his upper lip 
and rufHed his nose (domestic cattle fashion), a clear indication of sexual excitement 
or stimulation. The first bugling of bulls was heard on September 12th.” 

In ALTMANn’s observational record no mention is made of phase (1), apparently 
because her wapitis were living in a fenced area of about 1500 acres owing to which 
extensive roving movements were impossible. 

In English roe deer, phase (1) does regularly occur, as appears from TEGNER’s 
statement (1951, p. 20): ‘The young are parted from their parents, when the doe is 
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ready to give birth again and the buck departs on his wanderings, preparatory to the 
rut.” (No further details are given by this author.) 

A very romantic, but nevertheless excellent description of pre-rutting behaviour 
in the European elk (Alces alces L.) has been given by Kaxtes (1936). The trustworth- 
ness of his account is proved by what may perhaps be called the most remarkable 
photographic documentation ever produced on mammals living in the wild state. 
The following account pictures the behaviour of one prime bull, called “Elk”? by 
Kaxies, which bull was observed throughout the seasons for several years. In this 
transliteration no attempt will be made to reproduce the original lyrical style; only 
the factual content will be extracted (loc. cit., pp. 28-30). 

During the summer months Elk’s antlers were steadily growing. In this period, 
on hot days Elk regularly bathed in the adjoining Baltic Sea in order to drive away 
annoying insects and to have a salty drink. During the night of 16th to 17th August 
the shedding of velvet was completed. 

In the morning of 17th August, Elk browsed normally and nothing particular was 
noticed. It was a windy day so there were no insects. Nevertheless in the afternoon 
Elk went to the sea. This time, contrary to his previous habit, he walked up and down 
the beach before entering the water ‘‘as if gathering his strength’. Then, after step- 
ping into the sea, he adopted the sniffing attitude with his head raised on high. 
(German: flamen, or flehmen.) There was, however, no cow to be seen near or far, 
nor could there be any scent of a cow. (Normally, ‘‘flamen”’ is performed only if a 
cow on heat is present and further, in normal “‘flamen’”’ the head is less raised. When 
this observation was made, a strong wind was blowing from the sea.) Then Elk 
walked some distance parallel to the waterline (quite contrary to his previous habits) 
and then went further into the sea and entered the actual breakers. He stood motion- 
less for a moment and then a fusilade of kicking and jumping broke out. Like a 
thunder-bolt Elk dashed through the breakers, suddenly stopped and lashed the 
water with his feet, or jumped up with his four legs together and splashed and hurled 
the foam far around. He went back to the beach, shook himself, tossed his head, 
stamped his feet, re-entered the breakers and continued his furious raging and 
raving. According to Kaxrrs: ‘With every bound Elk spurned from him his previous 
easy life. The drive for browsing and chewing the cud which had ruled him hitherto 
has completely disappeared. His body bursts with energy and now this energy must 
need feel how all-powerful it is. It is a long time before Elk finally leaves the sea. 
He does not for a minute pause, nor is there any sign of fatigue; nor does he return 
to his territory as was his custom after his usual bathe. He sets off at a trot and travels 
southward mile after mile, his head poised high, his feet moving in wide, easy paces 
and the sand flying around his hoofs. The time has arrived in which love is far 
mightier than hunger.’’ (Quotation, abridged and translated, from loc. cit., p. 30.) 

It may be mentioned here that European elk bulls, in common with most male 
Cervidae, do not feed at all during the rutting period. From other data in Kaxtgs’ book 
(pp. 36-38) it appears that Elk’s rutting grounds were found about 25 miles south- 
ward. Such migrations in the pre-rutting and rutting period are regularly observed; 
on these occasions bulls may swim several miles, or perhaps even more (KAKIEs, 
p. 47). Further, an important fact is that these migrations have been observed in 
prime bulls with excellent reproductive and fighting capacities and with a high 
degree of integration after breaking into rut, so we cannot suppose they were ousted 
by competitors. The explosive onset of rut in Elk bears out the finding made in 
cormorants, that a somewhat sudden eruption of the reproductive cycle involves 
very strong sexual, pair-forming, nesting and parental tendencies during the en- 
suing period. Here too, quality and quantity of behaviour are correlated to each 
other. 
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This description of pre-rutting behaviour in the European elk sug gests 
that the sequence from phase (1) to phase (3) as discerned above must 
be considered incomplete so far. Before phase (1) a preceding phase 
of general, diffuse, undirected and uncanalised motor discharge, or 
overflow, or exuberance, or hybris, may occur. It seems as if the animal 
is unable to find in its stock of existing abilities a proper motor pattern, 
or even perhaps does not avail itself at all of such a pattern in order to 
discharge its pent-up internal “pressure” of “‘tension’”’. Further, it 
seems as if, consequently, this pressure suddenly explodes into all the 
motor patterns which (in the given situation) are, so to speak, “‘nearest 
to hand’’. It seems, moreover. as if this outburst of diffuse libido paves 
the way for the ensuing canalisation and integration process which will 
subsequently cause the animal to pass through the forthcoming phases 
of integration as have been described by Dartinc. In other words, it 
seems as if a so-called “‘instinctive’’ pattern of integrated behaviour (in 
this instance rutting behaviour) is created as a result of discharging an 
instinctive dim urge. 

In this connection the reader will remember our finding (stated on 
p. 192) according to which, in the correlation between quantity and 
quality of behaviour, the strength of the tendency must be considered 
the primary factor and the degree of integration the secondary result 
in the causal chain. Furthermore, it will be remembered that flying 
co-ordination in the young cormorant is accomplished during the first 
20 or 30 seconds of flying as a result of ‘“‘flash-learning’’ (p. 223). 
Similar instances have shown that many so-called ‘‘acquired”’ behay- 
iour patterns are actually innate patterns which, however, can be 
aroused or primed only by means of external stimuli (p. 225). Finally 
the reader will remember the vague symptoms of groping and reaching 
towards independence as described in the young cormorant in § 2 of 
this Chapter. And so in our argument we have now arrived at a very 
crucial point indeed. 


At first glance it might seem possible that the behaviour of red deer, roe deer, 
American elk and European elk which has been described above, can be classified 
under one or other existing and generally recognised categories of behaviour. On 
further consideration, however, this possibility must be ruled out, at least if one 
wishes to account for all the facts. 

One might suggest, for example, that migration simply belongs to rutting behav- 
iour exactly as it does in birds or sticklebacks. This suggestion is negatived by the 
occurrence of circular migrations during the preparatory period, guiding the animal 
back to its original territory exactly when rut breaks; nor does such an explanation 
account for the decrease of inter-territorial movement as maturation progresses. 

Or, one might suggest that we are here simply dealing with intention movements, 
appetitive behaviour, or something like that. We do know that intention movements 
and appetitive behaviour, when elicited, often show a marked sequence, starting with 
a diffuse motor unrest and ending up in very clear-cut and well-integrated behav- 
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iour patterns. The same sequence has even been experimentally elicited by BRUGGER 
(1943), Hess (1943) and Hess & BRUGGER (1943 a and b). As a matter of fact one of 
the most conspicuous characteristics by means of which instinctive behaviour can be 
distinguished from reflex behaviour is that the first always requires a preparatory 
interval during which the impulse is gradually set going and canalised. This interval, 
however, takes normally no more than a few seconds, or minutes, or at most hours, 
and it may be repeated every few seconds, minutes, hours, or days.! But in this $, on 
the contrary, we are dealing with a type of process which takes several weeks, or at 
least some days and which occurs only once a year. (It may be added that in man, 
similar processes with an identical symptomatic picture may take several years and 
occur only once in a life-time.) Further, intention movements and appetitive behav- 
iour refer to the coming into operation of an impulse, whereas we are dealing with, 
at present, the coming into operation of a tendency (definitions on p. 189). Finally, 
intention movements and appetitive behaviour are so-called ‘‘instinctive”’, i. e. innate 
and identical in all members of one species, whereas pre-rutting behaviour is highly 
variable from one individual to another and seems to depend upon the absence as yet 
of a definite ‘‘instinctive”’ outlet for an instinctive impulse. 

Or one might try to classify the behaviour in question under the heading of vac- 
uum-activities, displacement-activities, or something similar. (E. g. Elk’s assuming 
the ‘‘flamen”’ attitude might be considered vacuum “‘flamen’’, his lashing the sea 
some sort of aggression, and so on.) All such possible suggestions would, however, ig- 
nore the enormous variety of symptoms as well as the common characteristic features 
and tenor of all these symptoms in four different species. Vacuum-activities and dis- 
placement-activities are caused by specific and well-defined factors but here we find 
merely a general motor exuberance. 

The same argument rules out a possible explanation by considering all these 
symptoms to be normal bottom-level behaviour, according to the principle of as- 
cending maturation as expounded in Chapter II. Itis exactly the multiformity of these 
symptoms which makes it impossible to fit them into the Procrustus bed of any 
circumscribed type of activities; although it must be said they are reminiscent of all 
existing types of generally recognised -activities. 


A hypothesis on ‘‘amoebte actiwities** or “‘ruptural behaviour” 


It therefore seems that we shall have to reason the other way round: 
the wide variety of activities and motor unrest shown by Cervidae pre- 
paratory to the break of rut, lies at the common root of all more distinct 
types of activities which have been discerned as a result of diligent 
analytical research, and consequently this pre-rutting behaviour is 
reminiscent of all imaginably more distinct types of activities. Once 


1 The difference between the reflex type and the instinct type of reaction may be 
illustrated here by quoting some experiments on homozygotic twin bulls taken by 
J. J. M. L. Crompacu and W. ve Rover (Research Group on the Behaviour of 
Domestic Animals, T.N.O.). In these experiments one sire was allowed to mount and 
ejaculate immediately after entering the serving stable, whereas the other one was 
restrained and prepared for 10 minutes before being allowed to serve. (In both cases 
artificial vaginas were used.) On the average, the number of live spermatozoa per 
ejaculate was found to be in the restrained and prepared sire 2,85 as high as in the 
other one. Moreover, the general motility of the semen was found to be substantially 
higher. The experiments are still going on. 
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again we come up against the “‘primary symbolic activities” in Por- 
TIELJE’s terminology, or ‘‘amoebic activities’, or ‘‘ruptural behaviour”, 
as these symptoms have been called in § 2, p. 241. In these vague symp- 
toms it would appear that a dim urge searches for its proper motor 
pattern and tries to focus itself at its goal. One might be reminded even 
of certain neurophysiological growth processes of nerve sprouts during 
ontogeny or organic regeneration, although such a resemblance may 
have only a deceptive appearance. 

Some distinctions must, however, be made with regard to what has 
been discussed in § 2. There we were dealing with regenerative regres- 
sion and in that context we gave special attention to those symptoms 
which were characterised by a progressive and regressive nature at the 
same time, or “‘reprogressive’’ symptoms as we then styled them. (3rd, 
4th, and 5th developmental jump in the young cormorant.) Now, on 
the contrary, we are dealing especially with symptoms which are 
characterised exclusively by a progressive (or prospective) nature and in 
which no aspects of regression, reshuffling, reconditioning, etc., can 
be discerned. (2nd developmental jump in the young cormorant; see 
also pp.238 and 241.) This distinction is particularly important because 
the regressive aspect points to the existence of an organisation of motor 
outlets which has become obsolete whereas the progressive aspect may 
indicate that an organisation of motor outlets is still in the course of 
being shaped, or is non-existent as yet. In other words, the variety, form- 
lessness and multiformity shown in amoebic activities seems to be 
brought about because the development of a hierarchical system of 
outlets temporarily lags behind the development of its superordinate 
instinct, or source of energy. Further, it seems that this time-lag is due 
to the assumption that it is precisely this outflow of energy coming from 
the maturing superordinate instinct which has to create and shape its 
own hierarchical system of outlets. In yet other words, in our argument 
concerning amoebic activities, the concept of instinct tends to become 
a purely abstract formative principle, a creator of so-called ‘‘instinctive 
patterns” and an organiser of a so-called “‘instinctive”’ hierarchy. 

With this tentative inference we have arrived at a very surprising 
point indeed. In the thirties Lorenz made an attempt to abolish the 
concept of instinct while maintaining the concept of instinctive pattern 
but here we are, so to speak, gradually coming to a position tending to 
abolish the concept of instinctive pattern while maintaining the con- 
cept of instinct! Now, in human psychology, surprise is an emotion 
which is closely related to doubt. And doubt may increase when we 
realise that, in a certain sense, our present tentative inference may 
seem to be exactly contradictory to all that has been said in Chapter II 
on ascending development. 
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Actually, however, such an apparent contradiction need not neces- 
sarily exist. In order to clarify this point, a scheme representing the 
principle of isolated development and ascending integration has been 
drawn up in Fig. 13. Three stages of organisation are taken to be 
passed through during the course of ontogeny. They are marked I, II 
and III, respectively. 


Fig 


San 


Stage IT 


g. 13. Isolated development and ascending integration 


Stage IIT 


Tt will now be clear that the principle of ascending integration as 
such stands quite apart from the question how integration is accom- 
plished in the course of the intermediary phases of reorganisation between 
stages I, IT, and III (i. e. the ‘‘mesoforms’’, Novikxorr). In Fig. 13 the 
transitional phases have been left open. Therefore a tentative suggestion 
with regard to the course of the reorganisation process has been drawn 
in Fig. 14. This suggestion is based on the evidence procured by Cer- 
vidae, cormorants, man and probably other species also, according to 
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The postulated full course of development 


Stage III 


This schematic drawing demonstrates how, in the preparatory phase 
of the reorganisation process, a dim urge is assumed to send out its im- 
pulses (shown by arrows) at first indiscriminately to all the motor 
patterns which are, so to speak, “‘nearest to hand”, in this way search- 
ing, feeling and reaching for its proper motor outlet, trying to focus 
itself on its ‘‘instinctive”’ goal, thereby causing a state of general motor 
restlessness and tension (“‘Sturm und Drang”’) in the animal. Further, 
in this scheme we see how, in the preparatory phase before reorganisa- 
tion has been accomplished, a hierarchical system of outlets serving 
the newly maturing instinct is assumed to be non-existent as yet. Final- 


260 Ne KORA AWNID Es 


ly we are able to imagine how, in the course of time, these diffuse urges 
will gradually find and work out their ways toward their appropriate 
next-lower-level instincts, thereby creating and establishing a mature 
system of hierarchically organised instincts. One might even go so far 
as to imagine that a certain minimum amount of aden is required 
in order that such a ‘“‘working out’? can be accomplished and main- 
tained, in view of the phenomena described on pp. 190-196 and 240. 
(The process dealt with here should not be confused with conditioning, 
habit-formation and similar processes. There might be a common 
neurophysiological base underlying all such processes but this point lies 
outside the scope of this paper. No localisation theories are implied in 
Fig. 14. See also p. 179.) 


Hypothesis critically examined 


Hitherto the hypothesis expounded here with regard to the path- 
finding function of hierarchy contains two main features: 

(1) Itisassumed that a newly maturing instinct, in the very first phase 
of the maturational process, may still be unable to make use of its sub- 
ordinate lower level instincts or motor mechanisms, although these 
subordinate instincts or motor mechanisms are potentially present or 
are even activated at the moment. 


At first glance this assumption may seem rather strange. Actually, however, we have 
already come across several examples of this principle. On pp. 176 and 239 we 
have seen that most male cormorants at the age of 2 % to 3 months and at the age of 
about one year, are unable to use their building, inserting and quivering activities 
for the purpose of satisfying or discharging their appetite for a nest, although at that 
age these activities may be activated by a displaced impulse, and although at an 
earlier age the young bird did build, insert and quiver autochthonously (Fig. 5). 
Further, on pp. 184 we saw that a young cormorant is not able fully to employ its 
existing flying capacities in the service of its major appetites until at least 3 weeks 
after fledging (Fig. 7.) The same principle applies to other locomotory mechanisms. 
There even occur cases in which a young cormorant will allow itself to be pecked to 
death instead of simply fleeing. Finally, it may be remarked that a mature male 
cormorant in spring, during the first few days after his arrival in the breeding colony, 
is unable to perform any courtship display until he has chosen his nesting site. During 
these days he also shows a general restlessness and, moreover, the brightly shining 
colour of the orange or red patch at the corner of his mouth proves that the pair- 
forming tendency is already fully aroused in him (KorTLANDT 1949, pp. 33 and 80). 
All this evidence may suffice to show that our first assumption is less strange than it 
may seem at first glance and that it is even quite consistent with the general concep- 
tion of hierarchy as expounded in this paper. Furthermore, it must Ee remembered 
that other authors too have often been struck by the fact that, in a great number of 
cases, an animal appears to be unable to use certain activities for certain goals al- 
though the same activities are easily employed for other goals. Moreover, the same 
phenomenon is also found in man. 


(2) The second basic assumption in this hypothesis asserts that the 
subordinate instincts somehow attract or collect together the diffuse 
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impulses that irradiate from the newly maturing superordinate in- 
stinct, or point out the way to these impulses, and that ensuing impulses 
are subsequently led more easily in this direction, and so on in the 
course of time, until finally a smooth path leading from the higher to 
the lower instincts has become established. In other words, it is assumed 
that somehow the subsidiary instincts act as ‘‘stepping stones”’ in order 
to bridge the “‘physiological distance” separating the urge from its 
proper motor outlets and in order to create and establish a hierarchical 
system of instinctive connections. (No definite physiological interpreta- 
tions are, however, implied.) To put it yet another way we seem to 
find here in ontogenetical development and maturation, some sort of 
“internalised”’ (or non-overt) trial-and-error learning process, which 
process may be conceived as at once a pathfinding and goalfinding 
process. In this process the subordinate instincts appear to act as some- 
thing like an internal bait or intermediary reward. 


At first glance, assumption (2) may seem nearly as strange as assumption (1). On 
further consideration, however, here too there appear to be several indications which 
make it look more plausible. In the first place the reader may be reminded of a 
statement by SUMNER (1934, p. 356) concerning the ontogeny of hunting behaviour 
in raptorial birds and already quoted earlier in this paper (p. 223) : ‘Given an instinc- 
tive curiosity which impels the animal to follow moving objects, plus an appetite 
adapted to a diet of flesh, the rest naturally follows.” The same principle applies to 
the development of drinking behaviour in newly-hatched chickens: an instinctive 
curiosity makes them peck at all glittering or otherwise conspicuous objects and, as 
a result, they discover the existence of water and learn to drink when thirsty (SpALp- 
ING 1873, p. 288, LLoyp MorGAN 1896.) If, however, chickens are kept without drink 
until three days or more after hatching, i.e. when the need of the organism will be- 
come sufficiently imperative, instinctive false drinking will ultimately appear, even 
if there is no water at all (BREED 1911, p. 76). Secondly, we may refer to our finding 
stated on p. 213 of this paper, viz. ““As a rule (and perhaps always) A seems to serve 
as appetitive behaviour in the service of B. It looks as if Nature mistrusted appetitive 
behaviour and therefore has added to it some interim reward.’’ Thirdly, in the 
cormorant, the neural connections leading the urge from the appetite for owning a 
nest to the building behaviour, seem partially to depend upon the degree of activa- 
tion of the tendency of the appetites for bringing and inserting twigs, as has been 
indicated in Fig. 5, and this assumption finds support also when studying build- 
ing behaviour in feminine and bisexual females, according to the characterolog- 
ical approach (KorTLANDT 1949, pp. 60 and 9g). Fourthly, HEmNroTH (1910, 
pp. 627-630) has given a detailed description demonstrating that domesticated 
geese (which are bad flyers and show a weak flying tendency) are characterised 
by a surprisingly low intelligence when solving, learning and remembering detour 
problems that can be solved only from the air, whereas their intelligence with regard 
to similar problems on the ground and on the surface of the water is very good. Tamed 
geese belonging to the wild race on the other hand, (which are reluctant walkers but 
eager flyers) easily solve, learn and remember detour problems from the air but 
appear to be very stupid when pinioned and thus faced with similar problems on the 
ground and on the water. Apparently it may be inferred that, at least in some in- 
stances, the amount of tendency belonging to the flying or walking patterns as ends-in- 
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themselves may co-determine the “‘intelligence’’ of the animal when employing these 
activities as means-(o-an-end. (The term tendency as defined on p. 18g.)* Fifthly, a 
case of the same tenor has been described by LoRENz (1937 a, p. 315). According to 
his account, a female canary had learned to use a specific nesting activity as an in- 
strumental act (Werkzeugreaktion) in feeding behaviour, viz. to hold its food. This 
bird was, however, able to doso only during the physiological nesting period. When 
summer came it “‘lost’’ this ability. Sixthly, there is evidence that the ‘‘choice” of a 
particular displacement-activity by means of which a thwarted impulse is abreacted 
may be co-determined by the amount of (autochthonous) tendency in that particular 
activity2. It seems therefore that an instinct in which a strong tendency is present is 
more able to attract or catch up a thwarted impulse than a weaker instinct. Seventh, 
and finally, in this series of corroborations concerning assumption (2), it has been 
demonstrated that the peculiarity of the red-backed shrike (Lanius collurio L.) to im- 
pale insects on thorns in order to provide itself with a food store, contains a behaviour 
pattern which, under normal feeding conditions, is ‘““acquired”’ by means of trial and 
error but which under “‘supernormal”’ (or “‘superoptimal”’) feeding conditions ap- 
pears to be “‘innate” (KRAMER, quoted by LorENz 1950, p. 237). Evidently in this 
instance the trial-and-error learning process which has been indicated as “‘pre-phase”’ 
in Fig. 14 becomes internalised if something like a tonic is administered whereas it 
remains externalised if this tonic is with-held. It seems tempting here to draw a com- 

_ parison with the combination of roborative treatment and psychotherapy, as some- 
times applied in human cases. 


All this evidence may suffice to show that, at least in a number of in- 
stances, in addition to the principle of isolated development followed by 
ascending integration, we have to postulate something like a path- 
finding function, exerted by the lower level instincts upon the higher 
level instincts during ontogeny and seasonal maturation, and causing 


1 It need not be commented upon that we cannot attribute this effect to the im- 
pulse, or mood, or SAP to fly or to walk, for in that case the “‘intelligence”’ in ques- 
tion would not be a constant quantity. It will also need no comment that our in- 
ference does not apply to all motor patterns, for otherwise in Figs. 3-6 there would be 
only circles and no dots. 

2 On this point there has been some misunderstanding in literature. TINBERGEN 
(1952, p. 18) when discussing whether the state of activation of an instinct can in- 
fluence the likelihood of its patterns being used as allochthonous outlets by another 
instinct, made the following statement: “‘It is striking that displacement activities 
are often innate movements which are frequently used in everyday life: eating, preen- 
ing, etc... This seems to indicate that an animal is apt to use as outlets those patterns 
which for some reason offer ieast resistance... The only reliable evidence on this 
problem is brought forward by KortTLanpt (1940 c), and it seems to speak against 
such an influence. Fighting cormorants show displacement wing-flapping and 
‘gargling’ (both derived from the sexual pattern) and ‘nest-quivering’ (derived 
from the nest-building pattern). Now although these activities, when autochthonous- 
ly aroused, show a marked seasonal fluctuation, being frequent in spring but almost 
absent in winter, their use as an outlet during fighting remains the same throughout 
the year.” 

Actually, however, in a note inserted in the main text of the original paper, the 
present writer made the following statement (1940 c, Note 2, pp. 488-489, trans- 
lated): “In spring 1939 I saw that, in the male, displacement wing-flapping occurs 

(see cont. p. 263.) 


HIERARCHY OF INSTINCTS 263 


the subordination of the lower levels to the higher ones by creating a 
hierarchical system of outlets. We do not know, of course, how this 
developmental mechanism works, nor do we know whether the tenta- 
tive working hypothesis expounded above has reached the core of the 
problem. We cannot yet even make any definite statement as to the 
question whether such a developmental mechanism occurs in most in- 
stincts, or only in a minority of them; nor are we able to make any 
assumption on the question whether there may be any relation to the 
phenomenon of ascending variability discussed on p. 191. But anyhow, 
we may be pretty sure that there does exist at least some sort of such 
developmental mechanism, and can use it as a working hypothesis in 
order to tackle the problem. 


Postscript 

When the MS. of this Subchapter was nearly completed, the writer 
came across an outstanding and comprehensive study by T. M. FrENcH, 
entitled The Integration of Behavior, to be published in five volumes 
of which only Vols. Land IT (1952, 1953) have yet appeared. The whole 
work will consist of a penetrating analysis of the acts and thoughts of 
one single person during two years of psychoanalytical treatment and 
this case-history is framed in general considerations dealing with the 
process of integration of behaviour and related topics. In his brilliant 
account FRENCH pays much attention to the biological mechanisms 


(cont. note p. 262.) 

more easily in the sexual period and that, in the female, it is strongly inhibited. Thus 
the strength of the sexual appetite does exert here an influence upon the release of 
displacement wing-flapping activated by the fighting impulse. The influence ex- 
erted by the appetite upon displacement wing-flapping is, however, much less than 
its influence upon the release of autochthonous wing-flapping. The last is completely 
inhibited in the female in the pair-forming period. With regard to other displace- 
ment activities belonging to the reproductive cycle, too, I believe I can now state 
that hormonal appetites exert a very small quantitive influence upon the inclina- 
tion to spark over.’’ In the Summary it was stated: ‘“The tendency of a given impulse 
to spark over into a certain propensity disposition is hardly influenced at all by the 
strength of the (hormonal) appetite connected with the propensity disposition just 
mentioned.”’ (loc. cit., p. 517). 

Apparently T1nBERGEN has overlooked these passages which are essential to the 
point under consideration. At present it may be added therefore that no doubt hor- 
monal factors do stimulate the relative occurrence of allochthonous reproductive act- 
ivities in fighting situations as compared to the occurrence of autochthonous fight- 
ing activities in these situations, but, for the rest, hormonal factors stimulate the 
relative occurrence of autochthonous reproductive activities still more. Gonsequent- 
ly, in spring autochthonous activation of reproductive patterns predominates over 
allochthonous activation, whereas in autumn and winter the reverse is observed, at 
least if there is much occasion for fighting. More accurate data are, however, still 


needed. 
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underlying human behaviour including the achievements accomplished 
in this field by animal psychology, namely Toiman’s “‘purposive be- 
haviorism’’. 

FRENCH’s considerations are highly relevant to many problems dealt 
with in this paper and especially to the problem that has been suggested 
in this Subchapter. Nevertheless, the present writer has decided against 
including in this paper any detailed appraisal of FRENcH’s findings. 
For one thing, as only two volumes have yet appeared, it would be 
somewhat premature to review them. Secondly, FRENcH’s considera- 
tions are so profound that the present writer feels incompetent fully to 
survey all their implications. A prolonged study would be required 
for that. 


§ 5. CONCLUSION 


The concept of instinct re-evaluated again 


Following the course of argument in this Chapter, we have gradually 
arrived at a position where hardly anything of the demarcation line 
between “‘instinct’’ and ‘‘non-instinct’”’ seems to be left. In § 1 it has 
been concluded that “‘hierarchy of instincts serves to shape non-instinc- 
tive behaviour patterns during ontogenetical development” as a result 
of play exercise including the motor as well as the sensory aspect of 
behaviour (p. 231). In § 2 it has been shown, firstly, that hierarchy 
serves ‘‘to prevent or restrict atrophy and extinction of those functions 
which remain unused for a long time” (p. 232). And secondly, that (in 
regenerative regression) “‘regression and progression are aspects only of 
one and the same process by means of which a vague urge is trying to 
canalise its way and find its new shape”’ (p. 241). In § 3 we have seen 
that ‘‘an instinct may in some cases act as an organiser or evocator of the 
growth of its next-higher superordinate instinct”? (p. 249). Finally in 
§ 4 it has been suggested that “‘the outflow of energy coming from the 
maturing superordinate instinct has to create and shape its own hier- 
archical system of outlets. The concept of instinct tends to become a 
purely abstract formative principle, a creator of so-called ‘instinctive’ 
patterns and an organiser of a so-called ‘instinctive’ hierarchy” (p. 
258). One can only pity the poor newcomer to the study of animal 
behaviour who must try to find his way in such a system of ideas! 
Once upon a time, long ago, an instinct could be simply defined 
as an innate system of units arranged in an innate hierarchy, each 
of which comprised at least an innate stimulus, an innate response, 
an innate goal and an innate quantity of nervous energy. Today, 
however, when surveying our science as a whole and taking into 
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account the findings discussed here, none of these classic attributes of 
the concept of instinct seems to be left intact. Instead, the idea of 
innate sensitive age-peiods comes more to the front. 

Now, of course, one should not exaggerate. Nevertheless, it cannot 
be denied that we are gradually arriving at a conception of instinct in 
which all the clarity and concreteness of previous conceptions tend to 
disappear. In a certain sense the progressive aspect found in ‘“‘amoebic 
activities” (or “‘ruptural behaviour”’ if the reader prefers this term) 
might be called “‘play”’; for the element of ‘‘seriousness’ characterising 
integrated behaviour is still lacking and this would imply that this type 
of behaviour must be included under § 1. In another sense, however, 
this type of behaviour might be called “‘regressive’’; for init the element- 
ary patterns are coming to light again and in this respect the phenom- 
enon should be dealt with in § 2. In still another sense, the pathfinding 
process might be considered as related to downward priming, which 
refers us to § 3. Moreover, in § 4, the pathfinding process has been 
conceived of as some sort of “‘internalised”’ trial-and-error learning 
process in which the subordinate instincts seem to act as something like 
an internal bait or reward. This last point, however, may in its turn 
lead us still further to an interesting concept launched by THoRPE 
(1950) in which the current distinction between trial-and-error 
learning, latent learning, exploratory learning and insight learning is 
virtually eliminated and in which, moreover, the concept of insight is 
brought into relation with the concept of imprinting. Here we find that 
the investigator of ‘‘non-instinctive’” behaviour and the investigator 
of ‘‘instinctive’ behaviour are converging toward a rapprochement of 
views, tending to efface the old-time distinction between “‘instinct”’ and 
‘‘non-instinct’’. Indeed, in so far as the pathfinding process in a hierar- 
chical system of instincts may be conceived of as internalised trial-and- 
error learning, it will be difficult to distinguish this process from insight 
learning. On the other hand, however, in so far as the pathfinding 
process is determined by the pre-existing structure of as yet unconnected 
lower level instincts, it will be difficult to distinguish this process from 
such notions as arousal, flash-learning and priming. And, finally, there 
also exists a clear relation to the notion of sparking over, as usually 
applied with regard to displacement activities. On these points, preform- 
ationist and environmentalist doctrines seem to merge into each other. 

Again, however, one should not exaggerate. What has been stated in 
this Chapter with regard to some instincts, in a number of cases, need 
not apply to all instincts everywhere. But however that may be, we 
can be pretty sure that future research on hierarchy will tend to disrupt 
the concept of instinct as well as the concept of learning. Von Mona- 
Kow’s concept of ‘‘instincts formatifs” comes in sight again. Links with 
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experimental embryology may be expected. YERKES? curious definition 
(1948, p. 128): ‘‘Behaviour is structure in flux’? might even become 
relevant. 

There are a number of indications that in other fields of research on 
animal behaviour too, atrend toward reconciling the opposition of “‘in- 
stinct’’ and ‘“‘non-instinct”? becomes increasingly apparent. The orien- 
tation of European ethology toward fieldwork and ecology has led to 
the recognition that ‘‘Generally speaking all those bird species which 
in the wild state must adapt themselves to very variable circumstances 
are intelligent.... for them, intelligence has acquired survival value.” 
(Translated from HEInROTH 1938, p. 150). Starting from this statement 
nothing can prevent us from conceiving of intelligence as something 
like a compound instinct. (See also BreRENs DE HAAN 1937, Kort- 
LANDT 1943.) Other indications showing that the preformationist con- 
cept of instinct prevailing among ethologists until now is gradually dis- 
appearing, have been mentioned on p. 251. In this connection, research 
on imprinting should also be mentioned. It is true that ethologists have 
often defined their business as ‘‘the study of instinct’, or “‘the study of 
instinctive behaviour’’, but such definitions usually contain a good deal 
of wishful thinking. In this case the peculiar aversion often found among 
ethologists to anything which is “‘learned’’ (in animals, at least) may 
easily explain the limitations of the definition. 

Among our American colleagues on the other hand, the increasing 
interest in such fields as experimental neurosis and psychosis, psycho- 
somatics, psychoanalysis, integration and social aspects of behaviour 
has laid open a very broad front of research as compared to the maze- 
running of rats which predominated in the past. No doubt this wider 
outlook will result in an increasing awareness of the impossibility of dis- 
entangling “‘innate”’ from “‘non-innate”’ behaviour. In this connection 
the following statement made by Hess (1953) is symptomatic of the 
present state of affairs: ‘‘First studying the innate before studying learn- 
ing is logically impossible... just as the learning theorist must know 
what growth processes do to behaviour before he can certainly say what 
learning does in the growing infant. Evidently we cannot separate the 
two tasks; they must be carried out together... I would not suggest for 
a moment that the problems in this area are unreal; I do suggest that 
they have been poorly stated, inasmuch as we cannot dichotomize 
behaviour into learned and unlearned, environmentally determined 
and hereditarily determined. I urge that there are not two kinds of 
control of behaviour, and that the term ‘instinct’, implying a mechan- 
ism or neural process independent of environmental factors, and 
distinct from the neural processes into which learning enters, is a com- 
pletely misleading term and should be abandoned.” (loc. cit., pp. 46-47). 
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From all these discussions one major lesson can be learned (a lesson 
which, since time immemorial, has had to be learned in every field of 
research but which has as often been forgotten since then): technical 
terms damage the delicate tissue of truth (RUmKE 1953, p. 107). For 
this reason the present writer in his previous papers has always avoided 
using the word “‘instinct’’ and for the same reason one may expect that 
any attempt to re-evaluate the concept of instinct will meet with serious 
(and in a certain sense, justified) opposition springing from the older 
and established connotation of the word ‘“‘instinct’’. 


In this connection Mastow’s ideas (19434, 1943 b, 1948, 1954) deserve special atten- 
tion. (See also pp. 187-188.) Of course, a general survey of them cannot be given 
here but the following quotation may illustrate the essential point: ‘“‘“Our main hypo- 
thesis is that human wrges or basic needs alone may be innately ‘‘given’”’ to at least some 
appreciable degree. The pertinent behavior or ability, cognition or affection need 
not also be innate, but may be (by our hypothesis) learned, canalized, or expressive. 
(Ofcourse, many of man’s abilities or capacities are strongly determined or made possible 
by heredity, e. g., color vision, ability to articulate, etc., but they are of no concern 
to us at this point.) This is to say that the hereditary component of basic needs may be 
seen as simple conative lack, tied to no intrinsic goal-achieving behavior, as blind, 
directionless demands, like FREup’s id-impulses... It was a severe mistake of both the 
instinctivists and their opponents to think in black-and-white, dichotomous terms 
instead of in terms of degree... The commonly accepted theory has been that instincts 
steadily drop out as we go higher in the phyletic scale, to be replaced by an adapt- 
ability based on a vastly improved ability to learn, to think, and to communicate. 
If we define an instinct, in lower animal style, as a complex of innately predetermined 
urge, readiness to perceive, instrumental behavior and skill, and goal object (and 
possibly even affective accompaniment if we could ever find a way of observing it), 
then this theory seems to be true. Among white rats we find by this definition a 
sexual instinct, a maternal instinct, and a feeding instinct (among other). In monkeys 
the maternal instinct remains, the feeding instinct is modified and modifiable, and 
the sexual instinct is gone, leaving behind only an instinctlike urge. The monkey has 
to learn to choose his sexual mate and has to learn to perform the sexual act efficient- 
ly. The human being has none of these (or any other) instincts left. The sexual and 
feeding urges remain (and perhaps even the maternal urge although very faintly), 
but instrumental behavior, skills, selective perception, and goal objects must be 
learned, mostly in the sense of canalization. He has no instincts, only instinct-rem- 
nants and instinct-anlagen. Side by side with this evolutionary development, there 
may be found another one, namely for the gradual appearance as we ascend the 
phyletic scale of new and “‘higher’”’ urges, instinctoid in nature, i. e., predetermined 
in greater or lesser degree by the structure and functioning of the organism... Be it 
noted again that we speak here of instinctoid impulses or urges and not of predeter- 
mined instrumental behaviors, abilities or mode of gratification, 1. e., not of instincts... 
Frustration of these needs is psychopathogenic, all clinicians agree... Clearly, there- 
fore, the basic needs stand in a special psychological and biological status. There is 
something different about them. The burden of proof that they are not appreciably 
instinctoid rests upon anyone who denies this.”’ (MAsLOW 1954, PP- 339; 340; 342). 


Bearing of the problem 
A re-evaluation of our ideas on instinct as advocated here, leading to 
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the recognition of an instinct as a rather tenuous and indefinable 
notion, viz. a formative and energetic principle, may at first glance 
appear to have little attraction for many biologists. Most of them have 
always been accustomed to regard an instinct as something like an 
organ or a mechanism, e. g. a compound reflex arc or a nervous centre. 
They will remember the confusion that arose in the past out of the con- 
cept of entelechy. Moreover, as a result of the nature of their scientific 
training, most biologists have become rather reluctant to occupy 
themselves with organic processes of which no organic substratum can 
be detected. In this respect the present situation has been exemplified 
by THorpE (1950) in the opening words of his paper read at the fourth 
Symposium held by the Society for Experimental Biology:‘‘Individual 
self-preservation by means of accommodation to a changing and un- 
stable environment is one of the most reliable criteria for distinguishing 
living from non-living. Yet there are few aspects of animal behaviour 
that have been more neglected by present-day zoologists than learning, 
...which after all is one of the most important methods by which ani- 
mals, and especially the ‘“‘higher’’ animals, succeed in establishing a 
conservative equilibrium to change of external conditions.”’ 

It would seem that psychologically trained workers are more courage- 
ous in tackling such rather “‘ghostly’? matters. Nevertheless, biologists 
too must tackle these and similar matters. These problems, how ever 
mysterious they may seem to be, should even be a challenge to biologists 
instead of being left only to psychologists. Psychology needs biology, 
and biology must play its part, for the following reasons. 

Firstly, the problems on the border-line between instinct and non- 
instinct have such deep roots in such divergent fields of science (in- 
cluding e. g. psychiatry, ethnology, paedagogics) that they cannot 
possibly be surveyed by any single approach. A fortiori these problems 
cannot be left to any one group of specialised workers. In this paper, 
this state of affairs has been sufficiently demonstrated as far as the 
problem of hierarchy of instincts is involved and as far as this problem 
concerns biological workers. Thus we have seen how medical psychology 
in particular may contribute to the clarification of many specifically 
biological problems concerning hierarchy. No attempt was made, how- 
ever, to demonstrate how biology, on the other hand, may contribute 
to the clarification of some essential problems of medical psychology or 
other sciences dealing particularly with man. Such an attempt would 
be out of place in a zoological journal. (Perhaps at a later date such a 
paper might be published elsewhere.) Nevertheless, it goes without 
saying that the problems centred around the concept of instinct occupy 
a key position in all sciences which are dealing with human nature. 
Consequently, these sciences cannot do without biological contribu- 
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tions to their frame of reference, and therefore biologists ought not to 
isolate themselves from human questions. There are several features of 
current psychoanalytical doctrines on which students of animal behavy- 
iour might give a relevant critique. (E. g. the relation between sexual- 
ity and aggression, SEwarp 1946; the relation between sexuality, tend- 
erness and love, KoRTLANDT 1949; etc.) 

Secondly, these problems are too important to human welfare for 
any scientist of behaviour to ignore them. In order to illustrate this 
point (and at the same time in order to give a striking case of ascending 
integration, imprinting and pathfinding as observed in a human being), 
an instance may be quoted here, taken from one of the most remarkable 
of puberty biographies that has ever been published. It deals with a 
rather sinister type of boy, a boy who, many years later, became a well- 
known politician and whose career can be traced back as a natural 
outcome of his juvenile character and development. Indeed, all those 
features which later constituted the man, appear to have been already 
present in the boy. In a vivid account his biographer outlines how all 
these features became shaped as a result of the principle of isolated 
development and how they successively closed together as a result of as- 
cending integration. Of course, in itself there is nothing unusual in this 
story: as we know such processes occur every day, everywhere. But in 
this particular case the point of interest is found in the decisive event 
when the pressure of the inner urge broke through the barriers, took 
its definite shape and created a human destiny. This event occurred 
when the boy was about seventeen years old. 


Before this occurrence, according to his biographer, “there were in his life two years 
without any outwardly apparent purpose... Actually, however, this period of his 
life was full of restless activity... It is true, his activity was still rather unsystematic. 
In it no definite purpose or clear goal could be discerned. With unheard-of energy he 
only gathered impressions, experience and material to himself. What use he would 
make of it remained to be seen. At the moment he merely searched, here, thereand 
everywhere.” Then, one day, the boy and his friend (his later biographer) visited the 
opera “Rienzi”, the story of which deals with a political career in ancient Rome.-A 
man of humble origin named Rienzi, arises to liberate the Roman people from ex- 
tortion and oppression by the ruling classes. He forms a national movement which 
gradually stirs the whole people. All power is given into his hands, he is proclaimed 
““people’s protector” and “‘people’s tribune’’; but then, as is the natural course of 
political life, he is ultimately overthrown, and in his downfall he drags the Roman 
people to destruction with him. His last words are: “What! is this Rome? Misery! 
Unworthy to have this man; the last Roman curses you! Damned and exterminated 
be this town! Decay and perish, Rome! Such is the will of your people!” and then 
Rienzi perishes in his palace amidst the flames of blazing Rome. The curtain fell and 
both youngsters left the theatre. Then the biographer goes on as follows: “It was past 
midnight. My friend, his hands thrust into his coat pockets, silent and withdrawn, 
strode through the streets and out of the city... I asked him what he thought of the 
performance. He threw me a strange, almost hostile glance. ‘Shut up!’ he said 
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brusquely... He looked almost sinister, and paler than ever... As if propelled by an 
invisible force he climbed up to the top of the neighbouring hill... And now he grip- 
ped both my hands and held them tight. He had never made such a gesture before. 
I felt from the grasp of his hands how deeply moved he was. His eyes were feverish 
with excitement. The words did not come smoothly from his mouth as they usually 
did, but rather erupted, hoarse and raucous... It was as if another being spoke out 
of his body, and moved him as much as it did me. It wasn’t at all a case of a speaker 
being carried away by his own words. On the contrary; I rather felt as though he 
himself listened with astonishment and emotion to what burst forth from him with 
elementary force. I will not attempt to interpret this phenomenon, but it was a state 
of complete ecstacy and rapture, in which he transferred the character of Rienzi 
without even mentioning him as a model or example, with visionary power to the 
plane of his own ambitions. But it was more than a cheap adaptation. Indeed, the 
impact of the opera was rather a sheer external impulse which compelled him to 
speak. Like flood waters breaking their dykes, his words burst forth from him, He 
conjured up in grandiose, inspiring pictures his own future and that of his people. 
Hitherto I had been convinced that my friend wanted to become an artist, a painter, 
or perhaps an architect... Now he was talking of a mandate which, one day, he 
would receive from the people, to lead them out of servitude to the heights of free- 
dom... He spoke of a special mission which one day would be entrusted to him... 
His words were followed by silence. We descended into the town. The clock struck 
three. We parted in front of my house. He shook hands with me, and I was astonished 
to see that he did not go in the direction of his home, but turned again towards the 
hills. ‘Where are you going now?’ I asked him, surprised. He replied briefly, ‘I 
want to be alone.’”’ 


The foregoing account has been quoted from KusizEk (1953, pp. 74- 
75 and 138-141; Eng. ed. 1954, pp. 64-66 and 70). Again, in itself 
there is nothing extraordinary or abnormal in such a passionate out- 
burst in a boy at the age of puberty. On the contrary, such an outburst 
may be considered a quite normal mental accompaniment of the path- 
finding processes which lead a man to find his destiny in life and love. 
Moreover, we have recognised a similar, quite normal symptomatic 
picture in decisive ages in cormorants and deer. In this particular case, 
however, not only a human destiny but also the world’s fate for many 
decades was decided in a few hours, for this boy was Adolf Hitler, who 
in 1939 himself testified to the historical correctness of KuziBEx’s 
account of the episode, in the presence of witnesses, adding on that 
occasion “‘In that hour it began.” We know now how it ended, and 
thus we are able to see his life and death as one great and elaborate 
imitation of Rienzi. This resemblance applies even to the imprecations 
on his nation embodied in many of his speeches, statements and orders, 
especially after the plot of 20th July 1944, (‘If the German people was 
to be conquered in the struggle then it had been too weak to face the 
test of history, and was fit only for destruction”; address to the Gau- 
leiters, August 1944), and further the resemblance is also found in 
several technical details of his suicide and funeral. (TREvor-ROPER 


1950, pp. 36, 53-58, 92, 158, 215-216.) No example is indeed more apt 
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to illustrate the tremendous importance in human life of such path- 
finding and imprinting processes as have been dealt with in this paper 
and therefore biologists too should play their part in the study of these 
processes, instead of being frightened by such human implications and 
evading them. 

There is yet a third reason for which biologists should participate in 
the study of developmental dynamics underlying both human and 
animal behaviour, instead of devoting their efforts mainly to falsely 
assumed “‘instinctive’’, i. e. preformistically determined behaviour. At 
the present time, orthodox psychoanalytical doctrine as it was estab- 
lished by Freup is rapidly growing out of date. The war and post-war 
needs have torn open the seclusion in which psychoanalysts previously 
practised their magic art. New lines of approach have been discovered 
by e. g. ALEXANDER, FRENCH, HorNEy, MasLtow, MasseERMAN, ROGERS 
and other American investigators, as well as by some scattered Europ- 
ean workers. Owing to the opening of such fields as psychosomatics, 
““non-directive”’ counseling, social case work and, in Europe, ‘‘Daseins- 
analyse’, new prospects of therapeutic approach have emerged. At the 
same time old techniques and concepts are being reappraised. More- 
over, apart from the progress made in medical and allied fields of 
psychology, the present-day expansion of sociology and other social 
sciences has given a fresh impetus to psychoanalysis and other sciences 
dealing with human nature. Recently the aim and programme of 
conflictology (a branch on the borderline of medical and non-medical 
psychology) has even been boldly defined as “‘the science of the nature 
and treatment of psychological disturbances of healthy men living in a 
disturbed society’? (VAN DEN BERG, 1955). Furthermore, there is an 
increasing awareness that the classic Freudian doctrine is a typical 
product of fin de siécle society. The great problem of our time is no 
longer sex but aggression and fear. Owing to these and other trends, 
the classic Freudian doctrine is gradually becoming a somewhat old- 
fashioned biological introduction to newly opened fields of research, 
instead of a gospel, as was the case previously. 

Of course, nobody will regret this state of affairs; but, as a matter of 
fact, in this new development and re-orientation of psychoanalysis 
towards the social sciences, biology today stands aloof. The number of 
workers who are sufficiently trained to be able to bridge the gap between 
both branches of science is too small for their voices to be adequately 
heard. Terminological misunderstanding between workers of different 
origin is steadily increasing. Students of animal behaviour, generally 
speaking, are so divided in schools and groups of different origin that 
they cannot see the real problems on the border-line, not to speak of 
solving these problems. Consequently, as a result of the social trend in 
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psychology, the biological basis of human nature threatens to become 
a forgotten feature in the study of man. The image of man as seen by 
those who are studying mankind becomes increasingly distorted to- 
wards a purely sociological concept. 

Given this state of affairs we can do no better than to quote the con- 
cluding sentence with which Freup ended his ‘“Three Essays on the 
Theory of Sexuality” (Ges. Werke V, p. 145; Stand. Ed. VII, p. 243). 
“The unsatisfactory conclusion, however, that emerges from these in- 
vestigations of the disturbances of sexual life is that we know far too 
little of the biological processes constituting the essence of sexuality to 
be able to construct from our fragmentary information a theory ade- 
quate to the understanding alike of normal and of pathological con- 
ditions.”’ These words were at that time a challenge to biologists but 
the challenge passed unheard. Fifty years have elapsed since then. It 
must be admitted that, in the intervening time, very little actual pro- 
gress has been made on this point. 


SUMMARY 


In this paper an attempt is made to review thoroughly the present state of research 
on the problem of hierarchy of instincts, including its implications for the concept of 
instinct in general. Arising from this critical examination, many preconceived ideas 
hampering our insight into the working organisation of instincts are disclosed, several 
current criteria and notions of instinct are re-evaluated, and finally, some suggestions 
for future research are offered. 

In Chapters I-III the scientific trends which in the past have led to the develop- 
ment of theories implying a hierarchical organisation of instincts are critically 
reviewed. In Chapter IV new prospects of research are envisaged. 


Chapter I 
In 1905 Freup launched an elaborate theory on the hierarchy of instincts and its 
ontogenetical development, of which the following points are of special interest to 
biologists. 

During the initial stage of their development, subordinate instinctive drives are on 
the whole neither elicited by a specific object nor directed towards a specific goal. 
In the beginning these urges only represent rather unshaped and uncanalised 
amounts of nervous energy. During the following phase all these subordinate instincts 
become conditioned to an object and they find a motor outlet or goal. Thus, strictly 
speaking, neither the objects nor the goals are assumed to be innate, although it is 
true they are in fact assumed to be largely predetermined by innate factors, biolog- 
ical conditions, etc. Different subordinate instincts mature, become conditioned and 
find their goals more or less independently of each other, and often at different ages, 
1, e. in different sensitive periods. (Principle of isolated development.) In later phases, 
subordinate instincts unite into larger wholes under the governance of higher level 
instincts which remain independent of each other for some time until, at a still later 
age, these instincts in their turn join together as components in a still higher unit of 
organisation, and so on. (Principle of ascending integration.) In these integrative 
processes the object and goal towards which a higher level instinct will be directed is 
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assumed to be for a large part built up by the characteristics of the objects and goals 
towards which the participating lower level instincts are directed owing to their 
previous history. Thus the organisation of behaviour is built up from the bottom, step 
by step. Periods of progress alternate with static periods, and this sequence is corre- 
lated to the main levels of instinct organisation. If, however, in this development the 
building stones appear not to fit each other, integration will fail and a developmental 
stagnation or fixation will follow. In such cases the controversial drives may continue 
to lead a more or less independent existence, or they may be converted into a 
neurosis. 

Today, the main features of FReup’s theory of instinct as summarised above 
(especially the principles of hierarchy, isolated development and ascending integra- 
tion) have found fairly general acceptance, both among psychoanalytical and non- 
psychoanalytical psychologists and psychiatrists. Parallel ideas and convergent evid- 
ence have been produced in other fields of research, such as neurology and child 
psychology (von Monaxow, Cu. BUHLER, Monressorr). The restricted validity of 
some counter-trends of thought and controversial ideas (CoGuiLL, WERNER, the 
dogma of wholism) has become recognised. Consequently the principles of hierarchy, 
isolated development and ascending integration are no longer a theory; they have 
become generally accepted facts, at leastin modern developmental psychology of man. 


Chapter II 

The first author who recognised a hierarchical organisation of instincts (i. e. driving 
agents) in animals other than man seems to have been LLoyp Morean. At the same 
time, however, he aroused much confusion by using the word ‘“‘instinct”’ in other 
connotations as well and consequently his ideas on hierarchy met with little response. 

McDoucattand Groos, although recognising the observational facts pointing to 
the occurrence of lower level instinctive behaviour (e. g. false hunting in satiated 
dogs) ultimately insisted on denying the existence of instincts lower than top-level 
and they interpreted lower level instinctive behaviour as “‘play’’, to be ascribed to a 
non-specific surplus of nervous energy. This rejection of the idea of hierarchy by 
these authors can be ascribed to the linkage of the objectivist concept of “instinct” 
with the subjectivist concept of ““emotion”’ as implied in their theories, for it would 
appear that instincts are hierarchically organised whereas emotions are not. Appar- 
ently there is no specific link between instinct and emotion at all. 

It is PorTIELJE’s concept of “differentiation” of drives which has ultimately paved 
the way for the ideas on hierarchy of instincts devised afterwards by several of his 
compatriots. His emphasis on the Coghillian type of development, as well as his 
adherence to the McDoucatt concept of instinct has, on the other hand, hampered 
him in recognising the full implications of the principle of hierarchy. 

Enlarging on PorTIELJe’s findings, the present writer developed an elaborate con- 
cept of hierarchy of instincts as a result of his investigations on cormorant behaviour. 
These results which were first published in a number of papers ranging from 1940 to 
1953 are summarised, partly revised, re-evaluated and enlarged, in the present paper. 

At first it is argued that a true hierarchy of instincts is essentially a hierarchy of 
so-called “appetites”, or to be more precise, a hierarchy of goals or purposes towards 
which the animal appears to strive by means of a corresponding hierarchy of sets of 
appetitive behaviour, each of which is characterised by an adaptive variability of 
behaviour in such a way that the variations serve the corresponding purpose. Ac- 
cording to the nature of the particular appetite, its ‘“goal’’ may be either the per- 
formance of a consummatory act or the presence of a consummatory object or situa- 
tion which causes the ending of a variable sequence or series of activities leading to 
this act, object or situation. In the cormorant these goals appear to be arranged on 
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hierarchical levels such that the pursuit and attainment of a lower level goal may (or 
may not) be used as a means to an end in order to attain a higher level goal towards 
which the animal is striving. In other words, one and the same activity may at the 
same time represent a goal in itself, i. e. a consummatory act (serving its own level) 
as well as a means towards a superior goal, i. e. an instrumental act (serving its next 
higher level). If, owing to a natural or experimental situation, a superordinate appe- 
tite is satisfied in such a way that the accessory subordinate appetites are not also 
satisfied, the latter will continue to pursue their own goals and to seek their own 
satisfaction. Examples of hierarchical systems that were analysed in the cormorant 
are represented in Figs. 2-4. (Small dots in these Figs. do not indicate appetites but 
motor mechanisms which appear to be exclusively appetitive patterns and are never 
used as goals in themselves. ) 

During ontogeny and seasonal maturation the appetites (i. e. the pursued goals) 
belonging to one hierarchical system appear as a rule to mature and integrate success- 
fully in a definite sequence, starting with the bottom-level and ending with the top- 
level, according to the principles of isolated development and ascending integration 
as described in Chapter I. No statement is possible as to whether “‘the”’ appetitive be- 
haviour or “‘the’’ consummatory act matures first, for in the course of maturation, the 
process of ascending integration transforms initial “‘consummatory’’ behaviour (serv- 
ing its own level) into subsequent ‘‘appetitive’’ behaviour (serving its next higher 
level). Examples of this type of development are represented in Figs. 5 and 6. (Fig. 6, 
however, also shows an exception from the normal sequence.) Locomotory functions 
also appear, as a rule, initially to grow and mature as independent patterns and goals 
in themselves, before they are gradually put at the service of the major instincts. An 
example is given in Fig. 7. The differentiative (or Coghillian) type of development on 
the other hand which is the counterpart of the ascending type, is rare in the cormorant. 

In addition to this conception, it is assumed that in a hierarchical system each 
appetite at any level has its own innate releasing mechanism or choice of satisfying 
object, so that the bottom-level ones are least selective, the middle ones are more 
selective, and the top-level one is most selective; and furthermore, it is assumed that 
the innate object (or releasing sign stimulus) towards which a higher level appetite 
is directed is mainly composed of the characteristics of the innate objects (or stimuli) 
towards which its subordinate lower level appetites are directed. Consequently the 
increase of selectivity (or “differentiation” as it was called by Portme1jE) which is 
observed during ontogeny and seasonal maturation must be attributed both to a 
shift in the level from which the main body of the motivation originates, as well as to 
the principle of ascending integration. If, however, after the completion of matura- 
tion, the top-level appetite is satisfied experimentally in such a way that at the same 
time a subordinate appetite remains unsatisfied, the unselective choice of object of 
the latter will come to light again. 

The basic concept of hierarchy as outlined here appears broadly to co-incide with 
the developmental principles in man as described by Freup, von Monakow, 
Cu. Biurer, etc., although actually this concept was conceived largely unaware of 
the latter. Moreover, independently of the present writer, convergent ideas indicating 
a hierarchy in the food-seeking behaviour of mammals and birds were suggested and 
experimentally confirmed by several American investigators. Enlarging upon their 
findings, Mastow elaborated a general concept of hierarchy which holds that, as we 
go up the phylogenetic scale, innately maturing hierarchical systems appear to be 
substituted by hierarchical systems which are shaped by object finding, goal finding 
and ascending integration. 

In this way Mastow too built a bridge uniting the conceptions of animal psycho- 
logy and psychoanalysis, but considering that he paid no attention to the ontogeny 
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of the innate aspect of hierarchical systems, one might say that he failed to construct 
the middle span of this bridge. On this point the findings obtained in the cormorant 
demonstrate that, in the course of ontogeny and seasonal maturation, the intensity 
of the so-called ‘tendency’ (i.e. the average strength of the drive, over a longer span 
of time, not to be confused with its actual strength) is correlated to (and probably 
determines) the hierarchical level of behaviour resulting from it, as shown by the 
degree of purposiveness, integration and canalisation, the selectivity of choice of 
object and the initiating of such processes as starting the reproductive cycle, settling 
down in a territory, falling in love with a mate, etc. More briefly, the average avail- 
able quantity of drive determines both its average and its actual quality. Further, it 
appears that the zone of variability in behaviour ascends in the same degree as does the 
progress in maturation. During seasonal “‘dismaturation’”’ (when the reproduction pe- 
riod is over) or in cases of ill-health or trauma, the whole sequence is reversed and 
purposiveness, integration, selectivity to objects and variability descend again to the 
levels that were observed previously. Apparently, therefore, ascending integration 
and descending disintegration are fundamentally identical processes which depend 
mainly on shifts in the degree of internal (hormonal) maturation, whereas learning 
plays at most only a minor role. This conclusion finds support when comparing re- 
semblances and differences between special types of activities (e. g. intention-move- 
ments, displacement-activities, play, abreacting, etc.), and also when comparing 
differences between individual cormorants of divergent temperaments. Nevertheless 
the choice of object resulting from ascending integration appears also to be affected 
by previous conditioning exerted at the lower levels at an earlier age, for a mature 
cormorant when nesting prefers to settle at a site which resembles the type of land- 
scape in which it grew up. 


Chapter III 

In the ethological branch of animal psychology, the idea of hierarchy was originally 
rejected by LorENz who, in a somewhat dogmatic way, discarded the existence 
of any superordinate instincts or co-ordinating mechanisms higher than the bottom- 
level fixed action patterns (Erbkoordinationen) which at the same time were con- 
sidered to be the only sources of internal motivation. The idea of hierarchy was, 
however, re-introduced when BAERENDs described in the female digger wasp a 
hierarchy of moods together with a corresponding hierarchy of appetitive behaviour 
patterns. His concept of hierarchy may be considered in many respects identical to 
that of the present writer, although the two concepts were conceived independently 
of each other. 

In subsequent years, BAERENDS’ concept was extended and re-modelled into a so- 
called ‘‘hierarchy of causal factors” by TINBERGEN who, at the same time, postulated 
a hierarchy of nervous centres underlying this hierarchy of causal factors. Actually, 
however, it can easily be demonstrated that neither a common component found in 
two (or more) sign stimuli eliciting different activities, nor even a common compo- 
nent in the internal drives activating different activities is in itself proof of the exist- 
ence of a common nervous mechanism underlying these activities. (An example is 
given in Fig. 8.) Ultimately therefore, hierarchy is essentially not a matter of drives 
but of goals, i. e. co-ordinating and integrating factors which determine directiveness 
in behaviour, whereas TINBERGEN has interchanged the essential and the accidental 
features of hierarchy. 

On further consideration TINBERGEN’s misconception appears to be interwoven 
with the ethological doctrine according to which an instinct can be discharged and 
satisfied exclusively by means of a consummatory act, for this doctrine implies the re- 
cognition of an apparently “hierarchical” causal switch-board system for conduct- 
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ing impulses to their motor outlets while at the same time implying the rejection of 
any superordinate goals higher than the bottom-level, such as the appetites for food, 
for being paired, for owning a nest, for social group organisation, etc. In this respect 
TrnBERGEN has still definitely maintained the rejection of hierarchy as originally 
formulated by Lorenz. Actually, however, there appears to be a wealth of facts dis- 
proving the doctrine which asserts that satisfaction is always attained by an act and 
never by an object or a situation. Consequently TinBERGEN’s switch-board model 
cannot be held and hierarchy must be conceived as a hierarchy of co-ordinating and 
integrating factors corresponding with as many hierarchically arranged goals. More- 
over, this conclusion is corroborated by neurophysiological evidence gathered by 
Hess, BRUGGER, et al. 

At the end of Chapter III the question is raised as to circumstances which have 
hindered ethologists from realising the full bearing of their findings on hierarchy and 
related phenomena. An explanation is offered by pointing to the peculiar nature of 
ethology as a scientific reform movement. 


Chapter IV 

In this Chapter an attempt is made to explore those aspects in the theory of hierarchy 
which until now have remained rather obscure. The question why hierarchy works as 
it does is chosen as a starting point. 


$1 

First, the formative function of hierarchy is considered. According to the theory of 
Groos, young animals play in order to train and exercise their abilities before cases 
of emergency require full proficiency. Although experimental evidence is rather 
scanty, there appears to be a category of examples in which this theory explains the 
teleological efficiency or survival value of the principles of isolated development and 
ascending integration which guide ontogeny. Nevertheless, in these cases too, the 
question still remains: Why has Nature, so to speak, endowed the young animal with 
a set of innate drives to learn the skills it needs, instead of simply endowing it with a 
corresponding set of innate skills ? 

When surveying the animal kingdom as a whole, there appears to be a biological 
relation between the occurrence of juvenile play on the one hand and the required 
degree of variability, adaptability and complexity in adult behaviour, on the other. 
(In this connection a digression on the ontogeny of wildness and tameness in birds, 
mammals and man is included.) One might say, therefore, that the simpler types of 
machinery are innate, whereas the more complicated types of machinery are acquired 
as a result of experience in play combined with ascending integration. Neurophysio- 
logists may try further to find out why acquired patterns should be biologically 
superior to innate patterns but anyhow it follows that, in one category of cases, 
hierarchy of instincts serves to shape so-called ‘‘non-instinctive’” behaviour patterns 
during ontogenetical development. 


§2 

Having arrived at this point, the question may be raised why hierarchy continues to 
exist in adult life, albeit in a latent state. It appears that hierarchy exerts a twofold 
regenerative function. 

Firstly, a hierarchy of tendencies correlated to the whole system of activities 
available to an animal will prevent atrophy and extinction of those functions which 
would otherwise, in certain circumstances, remain unused for a long time; and 
further it will prevent monotony and petrifaction of those functions which otherwise 
would be used in a stereotyped way. This point of view implies that the mere exist- 
ence of a biologically valuable behavioural mechanism (either motor or sensory) 
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will in itself provide an evolutionary force tending to develop a special instinct serv- 
ing to activate and keep fit this mechanism during the vicissitudes of the individual’s 
life. In this connection the existence of perceptual sub-instincts is argued. 

Secondly, hierarchy continues to persist latently after completed integration in 
order to make possible regenerative regression by means of which a reconditioning, 
remodelling and reshuffling of the composing partial patterns of behaviour can be 
accomplished. In man this regenerative function plays an important role in the 
healing processes owing to which pathological fixations may be overcome; but 
curiously enough, in literature on animals other than man, hardly any indication 
pointing to the occurrence of this healthy type of regression can be found up till now. 
In the cormorant, however, symptoms of regenerative regression are very conspic- 
uous in the preparatory phases preceding the third, fourth and fifth developmental 
jump belonging to the developmental sequence leading the young bird to individua- 
tion and independence. (In total, the whole process requires five jumps, each of 
which achieves a new organisational level of behaviour.) In each of these preparatory 
regressions the symptomatic picture is ‘“‘reprogressive”’ (i. e. regressive and progres- 
sive at the same time), and “‘amoebic”’ (i. e. formless and multiform at the same time), 
and “ruptural” (i. e. lacking a definite texture). In these vague behavioural syn- 
dromes a new instinctive urge which has as yet no form, no object and no goal, ap- 
pears to be trying to canalise its way and find its shape. When considering this process 
the distinction between “‘instinctive”’ and ‘‘non-instinctive’’ behaviour tends to fade. 

In addition to these findings it is argued that, when considering the apparent rela- 
tion between imprinting phenomena and hierarchy, in mammals and birds, there 
must exist certain remodelling, transforming, or regenerative agencies which exert 
their influence in the intermediate period between the imprinting of the lower levels 
and the maturation and integration of the higher levels. Up to now, however, nothing 
is known of these processes. 


§3 


Hitherto, hierarchy was regarded as a system in which impulses generated by super- 
ordinate instincts flow off downwards to subordinate instincts. Apart from this short- 
term one-way downward traffic of actual impulses, there is also fair evidence pointing 
to the occurrence of a long-term upward (or perhaps two-way) traffic of tendencies. 
(This term as defined in Chap. II.) In other words, a prolonged state of frequent 
external stimulation of a lower or middle level instinct may cause a lasting, or even 
permanent state of hyperactivation of the instinct next above it. (“Arousal’’ and 
*““excitation’’.as defined by Freup, “‘priming”’ as defined by vAN IERsEL.) The occur- 
rence of this process may be restricted to a sensitive period during ontogeny or matura- 
tion. This means that in some cases an instinct may act as an organiser or evocator 
of the growth of its next-higher superordinate instinct. There even seem to be distinct 
priming routes leading from instinct to instinct and guiding the tendency upwards 
from the bottom to the top of the hierarchy. (Schemes are given in Figs. 10 and 11.) 
These findings imply a new breach in the preformationist doctrine of instinct. 


§ 4 


When studying the behaviour observed in deer preparatory to the onset of rut, a 
clear-cut developmental sequence appears to be passed through in a few days, or at 
most in a week or two. At first, a vague, diffuse, undirected and uncanalised motor 
discharge or exuberance emerges, which suggests that the newly maturing top-level 
instinct is not yet making use of its proper hierarchical system in order to discharge 
its pent-up internal pressure or tension. Subsequently, these vague, ‘‘amoebic”’ and 
“ruptural”’ symptoms of behaviour will gradually be canalised and they disappear in 
the same degree as ascending maturation and integration proceeds. It seems therefore, 
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as if the originally diffuse discharge of a dim urge coming from the newly maturing 
superordinate instinct searches for its proper motor patterns, tries to focus itself on its 
goal and paves the way for the ensuing canalisation, until ultimately a fully-grown 
system of fixed outlets is established. The same type of process is found in the second 
developmental jump observed in the young cormorant. A scheme representing the 
postulated course (for which the term “‘pathfinding”’ is proposed) is shown in Fig. 14. 
The symptomatic picture of pathfinding processes differs from the “reprogressive” 
symptoms described in § 2 in that this time the symptoms are characterised ex- 
clusively by a progressive nature. This distinction is important because the regres- 
sive aspect points to the existence of an organisation of behaviour which has become 
obsolete, whereas the progressive aspect may indicate an organisation which is still 
being shaped, or non-existent as yet. 

In the course of the pathfinding process as conceived above, the subordinate in- 
stincts seem to act as something like internal baits or stepping stones guiding some sort 
of non-overt trial-and-error learning process. The implications of this hypothesis are 
critically examined and its relation to the ideas on instinct and integration as ex- 
pounded by FrenNcH and Mastow is briefly mentioned. Here again, the concept of 
instinct tends to become a formative principle, a creator of so-called ‘‘instinctive”’ 
patterns and an organiser of so-called ‘‘instinctive’’ hierarchy. 


85 


Following the course of the argument in §§ 1-4, it appears that the study of hierarchy 
leads into a no-man’s land between “‘instinct”’ and “‘non-instinct’’. None of the clas- 
sic attributes of the concept of instinct seems to be left intact. Instead, the ideas of 
““prospective potencies” and “‘sensitive periods” come more to the front. Preforma- 
tionist and environmentalist doctrines are merging into each other. Links with ex- 
perimental embryology are being established. Future research on hierarchy will tend 
further to disrupt the concept of instinct as well as the concept of learning. YERKES’ 
curious definition: ““Behaviour is structure in flux’’ might even become relevant. 

Finally the vital bearing of these scientific trends upon human welfare is illus- 
trated by a striking case of imprinting, pathfinding and ascending integration as 
observed in a human being. 
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ivINLRODUCHION 


Concealing coloration, or camouflage, in animals can be defined as 
follows: patterning which reduces the contrast between animal and 
environment to a level at which the probability that the animal will 
release inimical behaviour in other animals occurring in the same 
surroundings is smaller than it was at the preceding stage in the 
animal’s individual or evolutionary history. Several of the animal’s 


1 The greater part of the observations were carried out at the Department of 
Zoology, Oxford, England. Some preliminary work was done at the Hulshorst 
station of the Zoological Laboratory of Leiden University. The results were worked 
out, and the paper written, in Groningen. 
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properties may contribute to its contrast with the environment (Corr, 
1940). One of these is the gradation of light and shade which causes the 
body to appear lighter on its upper than on its lower parts when viewed 
in daylight in the open. Owing to this gradation, one can distinguish a 
solid body even when it is placed before a background whose colour 
and texture exactly match that of the object itself. Although, of course, 
the matter can be proved only by experiments, it seems highly probable 
that animals will also make use of this character in discerning objects in 
their environment. Hence, as Cott pointed out, it may be expected 
a priort that good camouflage will include the abolishment of shade. 
This can be brought about by a graded pigmentation which is darkest 
on the side the animal normally turns to the light, and lightest on the 
opposite side. At a suitable steepness of such a gradient, all parts of the 
body will reflect light of the same intensity. 

Now it is a striking fact that colour patterns of exactly this type are 
very common in many groups of animals, belonging to entirely 
different taxonomic and ecological categories. In view of the above, 
it seems reasonable to regard such pigmentation as an adaptation 
improving the camouflage of the animals concerned. PouLTON (1888) 
was the first to describe an example of such coloration, wiz. the 
chrysalis of Apatura iris, and to suggest that the pattern has concealing 
value. However, it was reserved for A. H. THAYER (18 96a, b; 1902; 
1gtia, b; summary in G. H. THayEr, 1909) to grasp the widespread 
occurrence and the great functional importance of this type of graded 
pigmentation. THAYER introduced the terms “‘obliterative shading” 
and ‘‘counter shading”’ for the phenomenon. The latter, now commonly 
written in one word, has come into general use. THAYER’s overenthu- 
siastic generalisations have given rise to much justified criticism (e.g., 
ROOSEVELT, 1911), but his opponents were unable to shake the 
fundamental principle of his theory. 

Yet we must realize that what THAYER did when he enunciated his 
“law which underlies protective coloration” was to publish a hypo- 
thesis, based upon the observation that graded patterns are very 
common, and upon the surmise that what conceals an organism from 
the human eye will also hide it from other animals in its habitat. This 
assumption may or may not be valid. The issue can only be decided by 
watching the behaviour of these other animals. 

However, the means so fir employed in attempts to prove the 
functional value of countershading have been of a different nature. 
Deterred by the difficulties of behavioural observations, practically 
all workers have resorted to comparative studies. These revealed many 
correlations between the direction and steepness of pigmentation 
gradients on the one hand, and on the other hand the ecological, 
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ethological and anatomical properties of the animals concerned. A 
review of these facts was given by Corr (1940). Taken as a group, these 
correlations can only be explained on the assumption that, in some 
respect or other, countershading has functional value. The only 
hypothesis so far advanced as to the nature of this function is that 
countershading has a concealing effect. Clearly, evidence of this sort 
will only permit general conclusions. Not even the largest amount of 
comparative data would enable us to affirm with complete certainty 
that in a given species countershading does indeed fulfill the function 
which, on the strength of these data, we believe it to have in most 
species. And, a@ fortiori, circumstantial evidence will never give us 
quantitative information as to the value of countershading. This can 
only be derived from observations on encounters between counter- 
shaded animals and their natural enemies. 

In another respect, however, comparative studies are of great value. 
An important problem is whether countershading is an adaptation 
(for a definition see p. 319). This is by no means automatically 
solved if we can show that graded pigmentation has some functional 
value, because this might be a mere accident. The only way con- 
clusively to prove the adaptive nature of countershading in an 
individual case would be to study its evolution while in progress. It is 
doubtful whether this will ever be possible. Therefore, we. shall 
practically always have to content ourselves with indirect evidence on 
this point, and to obtain this we must turn to the comparative method. 
For that reason this method is an indispensable complement to the 
direct ethological and ecological study of single species. 

In an outstanding contribution SUFFERT (1932) has shown that the 
larvae of Lepidoptera are excellent subjects for a comparative study of 
countershading. In addition, as will appear in chapter m1, they are 
suitable for experiments with predators. These facts dictated the choice 
of caterpillars as the subjects of the present investigation. 

I have in the first place tried to obtain further evidence for the 
adaptive nature of countershading through comparative work. 
Chapter m contains the results of these observations. SUFFERT’s work 
has to a large extent plotted the course for further research in this 
field. I have attempted to strengthen the conclusions suggested by his 
studies by using a wider range of material, and by making a somewhat 
more complete analysis of the behaviour of the larvae. When striking 
the balance of our comparative data, I have tried to analyse the 
reasoning on which our conclusion is based in order to lessen the danger 
of neglecting possible alternatives. 

My experiments with predators are discussed in chapter m. As far 
as I know, they are the first of their kind, for, surprising though this 
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may seem in view of the fact that THAYER’s theory was published almost 
sixty years ago, no data of this sort have yet been published apart from 
STEINIGER’s short reference to his unsuccessful experiments (STEINIGER, 
1938; see also p. 323 of the present paper). 

The consideration that the success of an adaptive pattern depends 
upon the ethological organisation of the other animal for which the 
pattern is “‘meant” suggested another way of testing the functional 
value of countershading, viz. an analysis of this ethological organisation. 
Accordingly, I made some tests in order to ascertain whether the birds 
we used as predators do make use of shade as a character by which to 
identify an object (chapter rv). Although similar discrimination tests 
are often used in comparative psychology, their application to the 
problem of camouflage to my knowledge is a novel approach which 
may prove useful in the study of other types of concealing coloration. 

Finally, chapter v is devoted to a discussion of the design of ex- 
periments on the survival value of camouflage, and the applicability 
of their results to some ethological and ecological problems. ° 


I made some preliminary observations on the behaviour and structure of counter- 
shaded caterpillars in the summers of 1946 and 1947, but the greater part of the 
comparative work was done in 1952. Caterpillars are available only during a few 
months each summer, and ethological observations take much time. One season 
proved hardly sufficient for a study of this kind, which can be of any value only if a 
great number of species is investigated. Experiments with predators are exempt 
from the latter drawback, for here work with a single prey species can lead to 
conclusive results. However, this advantage is nullified by the difficulty of procuring 
large enough numbers of any single species, and by the fact that these tests are 
extremely time-consuming. For these reasons, our data showed many gaps when in 
1952 I had to discontinue the investigation. ‘Taken as a whole, however, they seem to 
lead to conclusions that are sufficiently based to justify the publication of this paper, 
though nobody can be more aware than its author that many points have not re- 
ceived sufficiently detailed treatment. 
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Il. INDIRECT EVIDENCE FOR THE ADAPTIVE NATURE OF 
COUNTERSHADING 


A. THE NATURE OF THE EVIDENCE 


This chapter is intended to show that the direction of the pigmentation 
gradient relative to the body is not the same in all countershaded 
caterpillars; that anatomically the gradient is carried by non-homo- 
logous organs; that nevertheless all investigated species in their 
natural environment turn their dark side to the light; that, however, 
this behaviour is due to reactions that may differ from species to 
species both on the receptor and on the effector side; that these 
reactions arise in development only at about the same stage at which 
countershading appears; and, finally, that the most important of these 
reactions are not found in non-countershaded species. 

In fact, the only common feature of all countershaded caterpillars is 
their shade-less appearance. At the conclusion of this chapter we shall 
argue that this state of affairs can be understood only on the assump- 
tion that this shadelessness fulfills some function in the life of the 
larvae. 

The body of facts needed for our argument cuts across the usual 
boundaries of anatomy, ethology, etc. Therefore, the best way to 
present the data is species by species. For reasons of space, these 
accounts will have to be brief, and entirely restricted to the information 
relevant to the problem of countershading. However, a more complete 
treatment of any single species would be well worth while, as I have 
tried to show in the case of Endromis versicolora (DE RUITER, 1954). 


B. METHODS 


A description of the material and methods employed must be given 
first. The greater part of the ethological observations were made on 
larvae reared from eggs obtained commercially. 

For descriptions of the caterpillars we shall use SUrFERT’s termino- 
logy, and speak of ‘‘normal countershading” when the gradient is 
dorsoventral, and the colour is palest on the belly, of ‘“‘inverted coun- 
tershading” when the gradient is dorsoventral with the back palest, and 
of ‘‘longitudinal countershading” when the gradient is parallel to the 
longitudinal axis of the body. 


Caterpillars must be in very good health for observations on their behaviour to be 
reliable. I have taken all possible precautions to prevent overcrowding and excessive 
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moisture, and to procure abundant fresh food. Yet virus disease proved a major 
problem in some species. We combated this by observing rigid sterility measures and 
by eliminating at once any culture that we suspected of being infected. This is a 
major cause of the gaps in our records. These precautions proved successful, as 
evidenced by the fact that we found no discrepancies between the results obtained 
with these caterpillars, and incidental observations made on wild specimens. 


Feeding and resting are the main components of the behaviour of 
caterpillars. A small proportion of their time they spend in crawling, 
e.g., from one spray of a food plant to another. When disturbed by the 
approach of an enemy, the camouflaged species under discussion freeze 
into immobility. When actually attacked, some of them may show a 
more or less specialised defensive behaviour. The latter, lying outside 
the field of camouflage, need not occupy us here. 

It is generally known that the value of even the best camouflage is 
greatly reduced by movements that make the animal conspicuous. 
Hence, countershaded caterpillars would be best protected if they 
spent the day resting motionlessly in an appropriate environment, and 
were active only at night. There is some evidence (ESCHERICH, 1931; 
Cott, 1940; THomas, 1941; PouLTon, 1932) that such behaviour 
prevails among caterpillars with other types of camouflage. In one case 
(Charaxes jasius), SUFFERT (1932) made a similar observation on a 
countershaded species. However, I have not been able to show the 
existence of a diurnal rhythm in countershaded larvae in this or any 
other way. This may be due to our keeping the caterpillars in the 
laboratory. The question should therefore be regarded as open. 

We have observed and analysed the behaviour of the caterpillars 
when feeding, resting and crawling. As already said there is a very 
constant relationship in nature between the attitude of a counter- 
shaded caterpillar and the position of the source of light. Obviously, 
this need not be due to an orientation to light itself. It can be brought 
about equally well by a reaction to any other environmental stimulus, 
the direction of which forms a sufficiently constant angle with that of 
the light. Two such factors come to mind, which on the twigs of the 
food plant might guide the caterpillars into the normal position, viz., 
gravity and the structure of the plant. We have made sonie preliminary 
observations on the relative importance of these factors by offering 
them in different combinations to feeding and resting larvae, but we 
spent more time on the analysis of orientation in crawling caterpillars. 
Our motive for this emphasis on a seemingly unimportant activity was 
the fact that in most cases the position in which the caterpillar will 
feed or rest proved to be determined during locomotion (for instance, 
see the influence of a change in the direction of the light on ocellata, 
(p-295)), though sometimes othermeans of adjustment were found aswell. 
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Caterpillars will go on crawling for greater lengths of time only on 
bare twigs. Therefore, we used such twigs in our experiments on 
crawling larvae. As might be expected, we never found any evidence 
that the structure of the plant could be a guiding factor on these twigs, 
so that only light and gravity remained as potential orienting stimuli. 
Now, in accordance with the common experience that caterpillars are 
negatively geotactic (GOrz, 1936), we found a general preference for 
the upper side of horizontal twigs. However, the larger the larva, and 
the thinner the twig, the more difficult it is for the animal to maintain 
itself on top. Caterpillars in the later instars often roll down passively 
to the underside, and are obliged to stay there. We never observed 
this passive obedience to the pull of gravity before the fourth instar in 
any species. Younger larvae found sufficient foothold even on thin 
twigs. 

In order to separate the influences of geotaxis and passive obedience, 
we made parallel experiments on thin twigs (diameter 2-4 mm) and 
thick ones (diameter 6-10 mm). For the sake of comparability we used 
exactly similar twigs (dead, dry birch twigs of these standard diameters) 
in our tests with all species, although of course the diameter of the twigs 
of their normal food plants will vary, and will often be intermediate to 
our thin and thick twigs. Therefore, we made some additional obser- 
vations on larvae on fresh twigs of their natural food plants for the 
purpose of determining in how far passive obedience to gravity there 
overrules geotaxis. 

In order to assess the relative importance of light and gravity, we 
made the larvae crawl on horizontal twigs lighted from above, on 
horizontal twigs lighted from below, on vertical twigs lighted from one 
side, and, in one case (ligustri), on horizontal twigs in diffuse light. 

At intervals of at least half a minute, and often of one minute or 
more, we noted whether the larvae were crawling on the lighted side 
(dorsal light, scored as d) or the dark side of the twig (ventral light, 
scored as v). When a larva was just on the boundary of light and dark, 
we scored 0. 

On the following grounds we considered the interval between 
successive observations on one indiviudual long enough to ensure 
their mutual independence. (1) Even the young larvae were able to 
spiral round the twig at least once in this lapse of time. (2) Within the 
half minute intervals, frequent searching movements of the head of the 
larva could be observed!, even if no change in position ensued, though 
in the latter case their extent tended to be smaller than when the larva 
reoriented itself. The conclusion seems justified that between any two 


1 Such movements were also observed in Pieris brassicae by COLLENETTE (1945), who 
suggested a similar interpretation. 
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observations each animal had made at least one and probably several 
active decisions whether or not to change its position. 

The results of our observations are summarised in Table 1 (p. 297). 
As we shall see below, they form a sufficient basis for the generalisa- 
tions made at the beginning of this chapter. However, there is con- 
siderable irregularity in the data we obtained. This is probably due to 
the fact that we were unable to control a number of factors influencing 
the behaviour of the larvae. For instance, apart from taking specimens 
in the same instar, and not using ones that were close to an ecdysis, we 
have not attempted to use larvae of the same age. Further, we had no 
means of controlling the temperature in the room where the tests were 
made, or of excluding vibrations set up in other parts of the building. 

In all experiments made at Oxford we used the same source of light. 
This consisted of two electric bulbs (total power 160 W) mounted in 
one metal reflector. Two thick sheets of plate glass were used to screen 
off heat radiation. The distance between the light and the twigs was 
about 20 cm. Photometer readings showed that the light was fairly 
homogeneous along the bare twigs, and comparable in intensity to that 
among the leaves of a shrub on an overcast day. In the case of the 
leaved twigs used in some tests with feeding larvae, of course, the leaves 
cast patches of shadow on the twigs. Thermometer readings showed no 
measurable rise in temperature due to radiation from the lamps. 

It should be kept in mind that all experiments were made at this 
one light intensity. Tests at different intensities on the same species 
might well give different results as regards the relative importance of 
the reactions to light and gravity. This, however, cannot affect our 
conclusion that the reactions to these stimuli are not the same in all 
species. Although we were aware of the importance of the problem 
(FRAENKEL and Gunn, 1940; SUFFERT, 1932), we have, for lack of op- 
portunity, not tried to distinguish between reactions to the direction 
and the intensity gradient of the light. 

In the case of older larvae, only one caterpillar was placed on each 
twig in the tests with bare twigs. Of the younger instars, however, we 
used several specimens per twig, because we found that these did not or 
scarcely interfere with each other. In this case, we did not include in 
our notes the behaviour of larvae that were passing each other, or had 
just done so. Of course, larvae that were not moving were never taken 
into account. On reaching the free end of a twig, the caterpillars usually 
turned back after some groping around. At the other end, where the 
twig was held in a clamp, it was often necessary to make the larvae 
turn round by gentle touching with a soft brush. 

For purposes of interpretation, it is desirable to express the data 
contained in ‘Table 1 in a simpler form, based on the following con- 
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siderations. If THAYER’s hypothesis is correct, a countershaded cater- 
pillar will benefit by its pattern if it sits with its dark side toward the 
light, but as soon as it turns its pale side to the light the distribution of 
its pigments will co-operate with the gradient in light intensity on the 
body instead of nullifying it. Shade will therefore be exaggerated, and 
the animal will be more conspicuous than if its pigment were evenly 
distributed (plates mu and tv). In an intermediary position, a counter- 
shaded caterpillar will be approximately equally conspicuous as a plain 
one, and therefore run the same risks. Hence, the percentage excess of 
time spent in the ‘“‘right’’ position may be taken as a measure of the 
adaptiveness of the behaviour of countershaded caterpillars. Our ob- 
servations being independent, this is equal, within the limits of statistical 
error,to the difference D between the numbers of dd and wv scored in an 
experiment, expressed as a percentage of the total number of scores 
(including 00) made in that experiment: 
(= es Ne 100 
Niotal 

where N indicates the number of scores of a given type. 

All species on wich we have made experiments have inverted 
countershading. Hence, their patterns have a cryptic effect only in the 
case of ventral illumination, so that for these species the adaptiveness 
of the behaviour increases with increasing D. 

The above procedure involves the loss of some information contained 
in our original records (e.g., the order in which d and v scores occur), 
which might be important for a more complete understanding of the 
caterpillars’ orientation. However, the procedure is sufficient to shed 
some light on the question for which the tests were designed: are 
different mechanisms involved in the apparently similar orientations of 
different species of caterpillars? A special study will be necessary to 
solve the more fundamental problems raised by these orientations. 

The reliability of a conclusion based upon comparative data in- 
creases with the number of species studied. For that reason, I shall not 
only discuss our own results in the following paragraph, but also 
mention some unpublished observations kindly put at my disposal by 
Dr. Tu. ALBERDA, and give brief abstracts of SUFFERT’s accounts of a 
few species which I have not seen myself. 


Ce RES Ui lass 


1. Smerinthus ocellata L. (Sphingidae; plate 1, 1). In spite of the wide 
variation in the leaf colours of its food plants (Salix, Prunus, Pyrus), the 
ground colour of the full grown larva of the Eyed Hawk always 
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exactly matches the green of the leaves among which it lives. This 
adjustment is due to an interesting special mechanism (PouLTON, 1886, 
1890), which, however, will not be discussed here. In addition, a per- 
fect inverted countershading makes the larva appear as flat as the sur- 
rounding leaves. On each side the countershaded pattern is overlaid 
with seven slanting stripes. By their disruptive effect, these divert the 
eye of the observer from the outline of the caterpillar’s body, making it 


Vig. 1. Smerinthus ocellata L. The pigmentation of the 6th and 7th abdominal segments 
of the larva pictured in Plate 1, 1 (somewhat schematised). The larva is seen here in 
diffuse light, so that there is no shade. In reality, the gradients are somewhat steeper. 


more difficult to recognise. This disruptive effect of the stripes is en- 
hanced by their being set off by a band of dark green along their dorsal 
edges. Dorsally, this band merges gradually into the lightening ground 
colour. At the ventral edge of the stripe, on the other hand, the ground 
colour lightens toward the stripe, so that the boundary between ground 
colour and stripe is hardly visible. Owing to this arrangement, the stripe 
suggests a ridge with shadow behind it. It is therefore very similar to a 
slightly prominent vein on the underside of a leaf. The patterning of 
these stripes is the logical counterpart of countershading, because it 
suggests relief where none exists. For cases of this sort, which are fairly 
common (SCHWANWITSCH, 1938), Corr (1940) has introduced the term 
“pictorial relief”’. 


Dissection showed that almost the complete colour pattern (fig. 1) of 


Plate I, 1. Smerinthus ocellata 
L. Full grown larva in resting 
attitude on Salix repens under 
natural circumstances. Note 
the absence of shade on the 
cylindrical body, and the 
pictorial relief of the slanting 
stripes, which are nol promi- 
nent. Compare with fig. 1. 
(Photograph by Prof. Dr. N. 
‘TINBERGEN. ) 


Plate I, 2. Stauropus fagi L. 
Full grown larva in resting 
attitude under natural cir- 
cumstances. (Photograph by 
Prof. Dr. N. TrtnBERGEN.) 
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Plate IT. Cerura vinula L. Full grown larva under natural circum 
(above) and inverted (below). The two pictures were t 
exactly the same conditions of ligl 


stances, in natural attitude 
aken in immediate succession, under 
it, etc, (Photographs by Prof. Dr. N. TINBERGEN) 
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the full grown Eyed Hawk larva is located in the hypodermis. This is 
dark green ventrally, but grades over the sides into pure white on the 
midback. It also carries the slanting stripes in pure white, set off with 
dark green dorsally. Of the other organs, the cuticle is the most im- 
portant. Its colour may vary from yellowish green (in pure green 
specimens) to practically colourless (in greyish green ones). Apparently 
this is the major factor in the minute adjustment of the ground colour 
to the green of the food plant, as I did not notice any clear difference 
between the hypodermes of very different larvae. In addition, the 
cuticle carries the tubercles which in ocellata larvae living on Salix repens 
heighten the resemblance between caterpillar and leaves by simulating 
the down covering the latter. The cuticle is not countershaded. Blood 
and gut are dark green, but their removal does not influence the 
appearance of the larva. The fat body is pure white. Lying dorsally 
to the gut, it may be of some importance as a screen between the dark 
gut and the very light dorsal regions. 

In the younger instars, the pattern of the full-grown larva develops 
gradually. The stripes with their pictorial relief, and the inverted 
countershading appear in the course of the first and second instars, but 
do not begin really to influence the appearance of the caterpillar until 
the beginning of the third. It is interesting that at the same time the 
white subdorsals disappear from the abdomen. In the first two instars, 
these two stripes stretch over the full length of the body. From the third 
instar onwards, however, they are restricted to the thorax. In the larva’s 
resting attitude, the well known Sphinx posture, they are then parallel 
to the slanting stripes on the abdomen, and fulfill an analogous function. 

The following aspects of the behaviour of the Eyed Hawk larvae are 
relevant to our problem. In the field, the first three instars are practi- 
cally always found on the underside of the leaves of their food plant. 
In the fourth instar, the larvae move to the twigs. The time at which 
this shift takes place 1s partly determined by the size of the leaves. On 
trees with very large leaves, even some fifth instar larvae may be found 
on the underside of the leaves. However, this is unusual. 

On the twigs, the larvae always turn their ventral side to the light. 
The resting attitude is the entirely stereotyped Sphinx posture. When 
feeding, the larvae obviously assume somewhat varying attitudes. 

Even in the field it can easily be shown on a sunny day with the 
aid of a small mirror that light is the main stimulus for the orientation 
of the larvae. If we screen off the direct rays of the sun, and give 
reflected light from another angle, the larva will readjust its position 
by crawling so that it again turns its ventral side to the light, no matter 
from which direction this comes. In crawling caterpillars, this reaction 
is almost instantaneous, but in feeding specimens it may be delayed 
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for about two minutes, and in resting larvae for five minutes and more. 

The results of our experiments on the orientation of crawling Eyed 
Hawk caterpillars have been summarized according to the method 
outlined above (p. 293) in fig. 2. There is considerable variation in the 
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Fig. 2. Smerinthus ocellata L. Experiments on the orientation of larvae crawling on bare 
twigs. Abscissa: instars, ordinate: percentage excess of time spent in ventral or dorsal 
illumination (positive and negative values of D, respectively). 

1: thin horizontal twigs, lighted from above; 2: thick horizontal twigs, lighted from 
above; 3: thin horizontal twigs, lighted from below; 4: thick horizontal twigs, lighted 
from below; 7: vertical twigs, lighted from one side. 


diameter of the leaved sprays of willows, but on the whole they may be 
more like the thin twigs used by us than like the thick ones. The first 
point to be noted is that on our thin twigs, lighted from above, i.e. 
under ‘‘natural’’? circumstances, there is a complete change in the 
behaviour of the larvae in the course of their lives (fig. 2, graph 1). 
At first, D is strongly negative, but it later becomes highly positive. 
That is to say that in the final instars the caterpillars’ behaviour is in 
good harmony with the countershaded pattern. 
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TABLE 1 
Instar Type of expt.! ee dd PEON NS SO eS i D 
Smerinthus ocellata L. 
I 1 5 233 0 17 —93 
3 5 135 46 67 =o 
IIE I 8 295 62 43 —58 
3 8 115 PiD) iS +24 
Ill I 8 97 40 63 == 2G 
3 8 6 163 31 +79 
IV I 5 30 65 11 +33 
2 14 257 47 34 =e 
3 4 26 44 30 +18 
4 4 3 95 4 +90 
7 4 16 69 15 +53 
V I 4 ) 47 ) +100 
2 3 i 26 4. +81 
3 ? 45 5 14 -—63 
4 5 3 33 5 aia 
7 9 30 98 41 +41 
Laothoe populi L. 
I I 5 206 14 30 —77 
3 5 129 48 73 32 
II I 8 O27 22 41 — 79 
3 8 79 234 87 +39 
III I 4 II5 20 25 —59 
3 4 18 67 15 +49 
IV I 4 81 56 23 —16 
3 4 16 56 28 +40 
WwW I 8 30 80 1g +39 
2 6 gI 4 18 7) 
3 8 WG) oe 10 —49 
4 5 2 75 18 teed 
7 6 45 25 18 —23 
Mimas tiliae L. 
I I 10 240 14 46 —75 
3 10 183 69 48 — 38 
Sphinx ligustri L. 
I I 10 245 15 40 yp} 
2 8 302 13 8 —9go 
3 8 165 40 35 52 
4 8 185 46 64 —47 
Be 8 264 44 QI —67 
62 8 210 88 51 =H 
7 16 429 74 59 —63 
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Number of 


Number of scores 


Instar Type of expt." larvae used dd vu oe. 7 
II I 8 235 I 14 —_94 
2 8 316 Ze 5 = 
3 8 121 136 43 ais) 

4 8 127 57 56 2 
a 8 290 21 23 —o 
6 8 299 15 17 ao 
7 16 519 34 45 81 
GE I 6 132 68 50 =H 
2 8 281 12 I4 —88 
3 8 144 73 2 30 
4 16 330 179 gt 25 
5 8 275, 49 16 D7 
6 4 62 23 16 — 38 
7 14 344 re 37 Spee 
IV I 5 7 109 9 +81 
2 4 71 25 12 —43 
3 4 77 14 11 aon 
4 8 160 114 29 —15 
5 4 42 fai 8 +28 
6 4 Wi QI 13 —48 
; 7 8 155 19 47 — 01 
Vv I 4 O 99 I +99 
2 4 95 I 6 —92 
3 4 100 O O —100 
4 4 30 68 Z +36 
5 4 I 102 2 +96 
6 4 72 29 4 —4I 
7 8 93 54 56 FI 

Cerura vinula L. 

I I 9 247 i 16 —go 
® 10 184 62 54 —4I 
II I 8 335 20 45 =O 
3 8 283 45 72 —b6o0 
III I 8 972 I 26 —93 
3 8 175 73 72 ee 
IV I 4 152 24, 24 —64 
i) ti 172 20 8 —76 
3 4 67 26 27 ee 
4 4 42 50 28 ay 
7 if 100 24. 44 —45 
Vv I 4 8 32 6 +52 
2 4 52 9 7 =—63 
3 4 56 3 10 77 
4 4 38 30 23 =o 
7 8 54 29 37 21 
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Instar Type of expt.! Nese’ a Number of scores D 
S a vv 00 
Notodonta ziczac L. 
I I 8 349 5 46 —86 
3 8 104 14 42 ——56 
Vv I 4 4 92 II +82 
: 4 oe 5 34 —56 
Stauropus fagi L. 
II Q 6 288 2 10 —95 
Ill 2 5 148 4 8 —go 
3 5 5 114 44 +67 
IV 2 5 95 0 5 —95 
- 4 5 O go 5 +95 
Vv 2 2 18 3 I —68 
3 > 16 (0) fo) —100 
4 3 I 15 2) 95 
Endromis versicolora L. 
I 2 8 281 0 39 —88 
a 8 209 39 2 —=53 
7 6 155 4 QI —84 
II 2 8 290 2 28 —go 
4 8 250 12 58 —75 
7 8 270 6 44. —83 
III D 2 80 O Oo —100 
4 8 150 66 104 —26 
IV 2 5 93 1 5 —93 
4 5 51 18 29 —34 
V 2 4, 40 0 Oo —100 
4. ? 84 53 63 —16 
7 2 69 6 25 —63 
1 1: thin horizontal twigs, lighted from above * d: larva on upper side of twig 
: thick horizontal twigs, lighted from above v: larva on lower side of twig 


: thin horizontal twigs, lighted from below 
: thick horizontal twigs, lighted from below 
: thin horizontal twigs in diffuse light 

: thick horizontal twigs in diffuse light 

: vertical twigs, lighted from one side 


NS OO PO ND 


The shift from negative to positive values of D takes place about the 
time when countershading begins to be an important factor in the 
appearance of the larvae. On thick twigs, lighted from above, the 
change takes place somewhat later (fig. 2, graph 2). Hence, the fact 
that the larger larvae cannot maintain themselves very well on the 
upper side of the thin twigs undoubtedly plays a role in the adjustment 


300 Ly. DE RUITER 


of their behaviour to their pattern. Yet this is not the only cause of the 
strongly positive value of D in the full grown larva. This is largely 
due to a reaction to light itself, as eridenced: Bilbo by fig. 2, graph 7 
which shows a strong preference for ventral light in older larvae 
crawling on a vertical twig, where gravity cannot play a role as an 
orienting factor. 

Yet, in the earlier instars, there is a strong preference for dorsal light. 
It is noteworthy that the sign of the phototaxis changes just about the 
time at which the graded pattern reaches its completion. This can be 
seen from graphs 1 and 3 in fig. 2 in the following way. In our ex- 
periments we combined the various orienting factors in different ways. 
Now we do not know the rules according to which the different factors 
co-operate in giving D the value belonging to a given combination of 
stimuli. However, the assumption seems justified that the sign of the 
contribution to D of a given stimulus will always be the same as long as 
the direction of this stimulus relative to that of the light is constant. 
Now on a given instar of a species we can make two different ex- 
periments, using the same pair of orienting factors in both tests, but 
offering them in one combination in one experiment, and in a diame- 
trically opposite combination in the other (their directions being 
parallel in one case, and opposite in the other). The absolute value 
|D| will then be largest in that experiment of the two in which the two 
factors co-operate. The sign of the contribution of each factor can be 
concluded from the sign of D when it reaches its maximum absolute 
value. 

Thus, in fig. 2 the comparison of graphs 1 and 3 shows that in the 
first instar orientation to light and gravity co-operate on the horizontal 
twig lighted from above. The fact that D in this case is negative, leads 
to the conclusion that there is a preference for dorsal light and for the 
upper side of the twig. In m, however, light and gravity co-operate 
when the twig is lighted from below, resulting in a positive D. In other 
words, the caterpillars still prefer the upper side of the twig, but 
phototaxis has changed toa preference for ventral light. In rv and v 
such an analysis is no longer possible in tests with thin twigs, as passive 
obedience to gravity here plays a role as well. 

On twigs that offer a sufficient foothold, however, the caterpillars 
prefer the upper side throughout their larval lives. For the fourth and 
fifth instars this can be seen from the comparison of graphs 4 and 7, 
or of graphs 1 and 2 (fig. 2). For instance, in graph 7, where only light 
can influence the orientation, D has a eres value than in graph 4, 
where negative geotaxis also contributes its share. Only the fact that 
graph 4 falls slightly below 2 in v does not agree with this interpreta- 
tion. However, this discrepancy, and the fee in 4 and 7 from Iv 
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to v are probably due to the fact that we used caterpillars too near 
pupation for experiments 4 and 7 in v. The reactions of caterpillars are 
known to change about that time (Strrert and Gérz, 1936). For 
experiments 1, 2 and 3 in v, we used less advanced larvae. 
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Fig. 3. Laothoe populi L. Experiments on the orientation of larvae crawling on 
bare twigs. 
1: thin horizontal twigs, lighted from above; 2: thick horizontal twigs, lighted from 
above; 3: thin horizontal twigs, lighted from below; 4: thick horizontal twigs, lighted 
from below; 7: vertical twigs, lighted from one side. 


The following experiment, made on two full-grown Eyed Hawk 
larvae, crawling on thick horizontal twigs lighted from above, shows 
that the eyes are the sense organs responsible for the light reaction. We 
first observed the behaviour of the intact larvae in the usual way. We 
then covered their ocelli with black cellulose paint, and repeated the 
observation. The results were as follows: 
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dd vv 00 D 
oe yea 4 6 5 = I 26 4 + 81 
ocelli covered. . . 44 ) ) —100 


Though in view of the findings of WATERHOUSE (1953) we must be very 
cautious in the interpretation of experiments of this sort, I think it can 
be concluded that the eyes are the sense organs for the light reaction if 
we also take into account the fact that the normal light reaction returned 
when we removed the paint from the ocelli, and that painting of other 
small areas of the body did not affect the behaviour of the caterpillars. 
The negative value of D when the ocelli were covered must be due to 
the unhampered expression of the negative geotaxis. 

In the preceding pages we have only considered the mutual com- 
parison of countershaded species belonging to different taxonomic 
units, but obviously the comparison of one such species with non- 
countershaded relatives will be equally interesting. The closer in the 
latter case the relationship is, the more revealing we may expect the 
comparison to be. Therefore, a few words may now be said about the 
larvae of the Poplar Hawk, Laothoe populi L., a very close relative of the 
Eyed Hawk. 

The pattern of populi consists of the same elements, and has the same 
anatomical basis as that of ocellata. However, the pigmentation gradient 
is so slight that the popul: larva must be called non-countershaded, and 
the dark edges along the slanting stripes are poorly developed. 

Even when full grown, populi larvae always sit on the underside of 
the leaves of their food plants. Our data on the behaviour of crawling 
popult caterpillars are summarized in fig. 3. This shows that in the first 
instars their orientation is similar to that of ocellata. However, in the 
fifth instar the populi larva still prefers dorsal light on a vertical twig 
(fig. 3, graph 7), though on a horizontal thick twig light seems to have 
no influence (graphs 2 and 4). In any case, there is no negative 
phototaxis. Geotaxis is markedly negative in all instars. 


2. Mimas tiliae L. (Sphingidae). This species is also rather closely 
related to ocellata, and its larva is essentially similar in pattern to the 
Eyed Hawk caterpillar. There are no differences that we need discuss 
here between the two species as regards the anatomy and ontogeny 
of their patterns, apart from the fact that in the Lime Hawk the pig- 
mentation gradient is less steep. There is, however, an interesting 
difference in behaviour between ocellata and tiliae. Even when full 
grown, ttliae larvae always sit on the underside of the lime leaves, and 
not on the twigs. 
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In one experiment with two freshly caught full grown specimens of 
tiliae I found no orientation whatsoever to light in the larvae when 
crawling on a vertical bare lime twig, lighted from one side by a 
100 W bulb at a distance of 80 cm. However, when crawling onto a 
leaf the larvae in all cases selected its shadow side. If this was the 
underside of the leaf, they crawled on at once. If, however, the upper 
side was turned away from the light, the caterpillar made numerous 
searching movements on this side, but did not crawl onto the leaf. It 
appeared that the larvae were quite unable to hold on to the smooth 
upper side. However, they never crawled onto the lighted underside in 
these circumstances. 

In 1952, our ézlzae culture unfortunately was wiped out by disease. 
All I can conclude from our observations in that year is that the 
behaviour of the first instar of the Lime Hawk is entirely similar to that 
of ocellata or popult (see Table 1). 


3. Sphinx ligustri L. (Sphingidae). The pattern of the full grown Privet 
Hawk caterpillar is rather more difficult to interpret than are those of 
ocellata and tiliae, but in any case the large caterpillars have good 
inverted countershading. There are no subdorsals, but the usual seven 
pairs of slanting stripes are present. The latter are pure white, edged 
dorsally with a dark purple band of about the same width as the white. 
The ventral boundary of the white, and the dorsal edge of the purple 
are quite sharp. Consequently the illusion of prominent ridges is less 
perfect in this species. Of course, the pattern has a certain disruptive 
effect, but this is lessened by the fact that they are shorter than in 
ocellata. In addition, the head and the horn on the last segment have 
bold black markings in ligustrt, whereas in ocellata and tiliae both are 
inconspicuously coloured. Apart from its countershading and ground 
colour, the pattern of the Privet Hawk larva is therefore somewhat rem- 
iniscent of (pseud)-aposematic rather than cryptic coloration. In this 
context it should be mentioned that the behaviour of our Jays sometimes 
suggested that they found ligustri less palatable than ocellata or tilvae. 
We have not made systematic tests to prove this point. 

All this cannot detract from the fact that the Privet Hawk caterpillar 
has excellent inverted countershading. Practically the whole pattern is 
located in the hypodermis. Its development is quite gradual. Yellow 
subdorsals are present at first, but disappear in the third instar. The 
oblique stripes are present from the first instar onwards, but are yellow 
at first. Countershading begins to appear in the second instar, but the 
gradient does not attain its final steepness until the fourth, when also 
the slanting stripes have become white and have acquired their 


purple edges. 
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There are considerable irregularities in the results of our experiments 
on the orientation of crawling ligustri larvae (summarized in fig. 4), 
but they form a sufficient basis at least for the following conclusions. 
The leaved twigs of privet are very thin. On thin horizontal twigs, 
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Fig. 4. Sphinx ligustri L. Fxperiments on the orientation of larvae crawling on 
bare twigs. 
1: thin horizontal twigs, lighted from above; 2: thick horizontal twigs, lighted from 
above; 3: thin horizontal twigs, lighted from below; 4: thick horizontal twigs, lighted 
from below; 5: thin horizontal twigs in diffuse light; 6: thick horizontal twi 
diffuse light; 7: vertical twigs, lighted from one side. 
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lighted from above, D gradually changes from negative to strongly 
positive in the course of the successive instars, so that in the fifth pattern 
and behaviour are in perfect harmony. This is in agreement with field 
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observations: in the wild, full grown ligustri caterpillars always turn 
their dark belly to the light. 

In our experiments the transition from negative to positive D under 
“normal” circumstances (fig. 4, graph 1) took place between the third 
and fourth instars. In other words, as in ocellata, it coincides with the 
migration from leaf to twig. The younger instars of ligustri always sit on 
the underside of the leaves. Casual observation is enough to make it 
clear that, in fact, the midrib of this side of the leaf is the only part of 
the plant which offers them sufficient foothold. It may be noted that, 
especially in the first instar, the larvae are deceptively similar to this 
midrib. It is not until the fourth instar that the caterpillars become too 
big to find adequate shelter on the underside of the leaves, and move to 
the twigs: 


number of Instar 

larvae on I II iil IV Vv 
leairA ly 45 44 52 8 fo) 
EWAG eels 6 10 12 16 50 


As regards the cause of the change in D, the data compiled in fig. 4. 
show that this is not due to a change in phototaxis or geotaxis, but 
merely to passive obedience to gravity in the later instars. On horizontal 
thick twigs in diffuse light (fig. 4, graph 6), the upper side is always 
preferred. On vertical twigs lighted from one side (fig. 4, graph 7) 
D is negative in all instars, 7.e., there is a preference for dorsal light. 
There is some suggestion that this may decrease in the later instars. On 
thin horizontal twigs in diffuse light (graph 5), D changes in approxi- 
mately the same way as on thin horizontal twigs lighted from above 
(graph 1). This is a further argument that no negative phototaxis plays 
a role in the adaptiveness of the behaviour of the full grown larva. As 
the set up of our experiments with diffuse light was not very satisfac- 
tory, no further conclusions should be drawn from the differences be- 
tween graphs 1 and 5 in fig. 4. 


4. Macroglossum stellatarum L. (Sphingidae). The larvae of the Humming 
Bird Hawk Moth are dimorphic. Of the two forms, one dark brown 
and one green, I have reared only the latter, and the following descrip- 
tion refers to that form. To my surprise some brown specimens which 
I obtained in England showed no countershading. It would be worth 
while to investigate whether this is correlated with a similar difference 


1 These data were obtained in experiments on leaved twigs in the laboratory; 
probably the percentage of larvae on the twig in the younger instars is somewhat too 
high, owing to mutual disturbance. 
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in behaviour between the brown and green forms as was described by 
SEVASTOPULO (1945) for another group of Sphingid caterpillars, vz. the 
Chaerocampids. 

By comparison with the foregoing species, stel/atarum larvae are quite 
small. They hardly exceed in length the leaves of the larger species of 
the Rubiaceous family on which they feed, and whose colour they 
match closely. It is characteristic of this group of plants that their 
leaves are folded along the midrib, and have no conspicuous lateral 
veins. The pattern of the larva is a striking adaptation to this environ- 
ment. Ithas double inverted countershading, but, when full grown, no 
other markings whatsoever . The ground colour is darkest at the ventral 
side. From there, it gradually lightens so that it merges almost im- 
perceptibly into the white subdorsal which extends over the whole 
body. Dorsally, the subdorsal is set off by very dark green, which in its 
turn grades into a much lighter colour on the mid back. The result is 
that, to the human eye, the body wall under normal lighting conditions 
does not look cylindrical, but seems to consist of two flat planes which 
intersect in the subdorsal, just as the leaf consists of two flat halves 
that meet in the midrib. Following SUFFERT, we shall use the term 
‘contrast line’? for the boundary between the two countershaded 
fields in patterns of this type. 

Dissection of a single specimen gave the following data on the 
localisation of the pattern. The hypodermis contains the white 
subdorsals. Dorsally to these, it is light green, without gradation, and 
so opaque that it completely screens off the white fat body. In the 
midventral region, the hypodermis is practically colourless and 
transparent. However, it becomes more opaque and whiter towards the 
subdorsals. In the dorsal region, the cuticle has a green pigmentation, 
light in the middle, but darkening towards the subdorsals. At the latter, 
this pigmentation ends with a sharp boundary. All more ventral parts 
of the cuticle are only very slightly grey, except in the areas overlying 
the subdorsals and laterals (v.7.) where it has no pigment at all. Blood 
and gut both are green. Their removal has little or no influence on the 
appearance of the parts dorsal to the subdorsal, but, in marked 
contrast, it leaves the lateral and ventral regions pale yellow. Evidently 
the countershading depends on different factors in different parts of 
the body, viz. on the superpositon of a shaded cuticle on a plain green 
hypodermis in the dorsal field, and on belly and sides on the increased 
screening off of blood and gut by the the hypodermis toward the 
subdorsals. 

The pattern of the Humming Bird Hawk larva develops gradually. 
Countershading becomes visible later than in any of the previous 
species, vz. not till the third instar, and even then it is still very weak. 


COUNTERSHADING IN CATERPILLARS 307 


In the first instar, a pair of white laterals appear, which persist until 
well into the fifth instar. In the third instar these have turned a bright 
yellow, and are more conspicuous than the subdorsals. After the next 
moult they are somewhat faded, but they remain a disturbing factor, 
reducing the effectiveness of the countershaded pattern. It is only in the 
course of the last instar that they disappear completely. 

In my culture, feeding and resting caterpillars usually sat belly 
upwards, as required by their countershading. A small set of observa- 
tions on the behaviour of crawling stellatarum larvae, made under 
circumstances that differed from our standard conditions in 1952, 
suggest that the larvae have a strong preference for dorsal light. 
Moreover, as might be expected in view of their small size, they have 
little difficulty in maintaining themselves on very thin twigs. Therefore, 
I suspect that the structure of the leaves will play an important role in 
bringing the larvae into the normal position. 


5. Cerura vinula L. (Notodontidae; plate m). The larva of the Puss Moth 
is famed for its surprising number of adaptations against predators. 
When full grown, it is concealed by colour resemblance with its envi- 
ronment, double inverted countershading, disruptive patterning, and 
disguise of its outline by its unusual shape and attitude. If, in spite of all 
this, it is attacked, it tries to ward off the enemy (1) by displaying two 
conspicuously coloured “‘tails’’, normally hidden in the modified stema- 
pods, and (2), more effectively, by jerking towards the attacker its 
fore part with the red “‘collar” on the first segment made conspicuous 
by the retraction of the head, and squirting in his direction a jet of 
40% formic acid (PouLTon, 1890). In addition, the younger instars 
have a cryptic pattern of an entirely different nature. Of all these 
features, we shall here discuss only those that are relevant to the problem 
of countershading. 

The contrast line is formed here by the white band separating the 
more or less brownish, strangely shaped disruptive saddle patch on the 
back from the green sides. Our observations on the ontogeny of the 
pattern show that this band is not homologous with the subdorsals. The 
green ground colour is darkest ventrally, and becomes gradually 
lighter toward the white band. In the dorsal patch, countershading is 
due to a fine irregular pattern of tortuous white lines, forming a network 
the meshes of which are wider laterally than on the mid back. As 
we shall presently see, the full grown larva usually sits on the underside 
of the twig. In this position it seems to consist, owing to its pattern, of 
two flat planes, one green and one brownish, which intersect in the 
white band. 

The green colour is entirely due to the pigments of the blood. 
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Removal of the blood leaves all green parts of the body pale yellow, 
but still countershaded. It does not affect the dorsal patch, which, 
together with the white band, is located in the hypodermis. Ventrally 
and laterally, the hypodermis is yellow. This yellow is graded. Near the 
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Fig. 5. Cerura vinula L. Experiments on the orientation of larvae crawling on 
bare twigs. 
1: thin horizontal twigs, lighted from above; 2: thick horizontal twigs, lighted from 


above; 3: thin horizontal twigs, lighted from below; 4: thick horizontal twigs, 
lighted from below; 7: vertical twigs, lighted from one side. 


white band it is very pale, and here the hypodermis is thick and opaque. 
More ventrally, the yellow becomes darker and the hypodermis more 
transparent and thinner. The cuticle is almost entirely colouriess, being 
only slightly bluish when viewed against a dark background. Evidently, 


countershading in the Puss Moth caterpillar is due to the hypodermis 
alone. 
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In venula, countershading develops even later than in stellatarum. In 
the dorsal patch it can first be seen in the third instar, but in the lateral 
field it does not appear till the fifth. The first four instars of the Puss 
Moth larvae sit on the upper side of poplar and willow leaves, on a 
small mat spun of silk. Only in the fifth instar, when the main increase 
in their size takes place, they are habitually found hanging on the 
underside of twigs and leaf stalks. 

As fig. 5 shows, only passive obedience to gravity, of the factors 
investigated, is responsible for bringing the larvae into the adaptive 
position. They always retain a preference for the upper side of the twig 
and for dorsal light, but in the end these preferences are overruled by 
the pull of gravity which on their natural food plants the larvae 
cannot resist. It is interesting that D under normal circumstances 
becomes positive only in the last instar. This fits in well with the very 
late development of countershading. 


6. Notodonta ziczac L. (Notodontidae). A very good description of the 
full grown larva of this species was given by SUFFERT (1932), who 
pointed out that it is effectively concealed by (1) disguise of the 
outline by a combination of strange shape and unusual resting attitude, 
and (2) by double inverted countershading. The contrast line is formed 
here by a suprastigmatal lateral stripe. In addition to those mentioned 
by StUrrert, the larva possesses a very different means of protection: 
it can produce a drop of acid to deter an attacker, though it will do so 
much less readily than the Puss Moth caterpillar. The development of 
the pattern is quite gradual. Countershading appears in the second 
instar. 

StUrrerT found no reaction to light in the feeding and resting 
caterpillars, and assumed that a reaction to gravity brings it into the 
adaptive attitude. Our observations on the behaviour of crawling 
ziczac larvae give some support to this conclusion (‘Table 1). However, 
they suggest that the ‘‘reaction’”’ to gravity is mere passive obedience. 
A more complete analysis will be necessary. 


7. Peridea anceps Goeze (Notodontidae). I have no personal experience of this species 
which is reported to be one of the best examples of single inverted countershading. 
Dr. Tu. ALBERDA has kindly put at my disposal the following data. In their natural 
environment, anceps larvae always seem to turn their dark side to the light when 
feeding and resting. The position of the larvae can be influenced by changing the 
position of the light source. However, the caterpillars do not always adjust their body 
as a whole to the direction of the light, but often only thorax and head. In lateral 
light, these parts are then bent and twisted so that they turn their dark ventral side 
to the light. In dorsal light, thorax and head are sometimes even bent back over the 
abdomen so that the head is held over the anal segment. 
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8. Stauropus fagi L. (Notodontidae; plate 1, 2). The weird apparel of the 
fullgrown Lobster caterpillar has baffled all attempts at interpretation 
(Haacke, 1893; Mutter, 1879; Poutron, 1888, 1890). For its generaf 
appearance, it has been likened to a Crustacean, but also to a bunch ol 
dry leaf-bud scales of the beech trees on which it feeds. Its defensive 
behaviour has reminded probably all observers since ALDROVANDUS 
of a spider. The end of its abdomen, with the strange stemapods, has 
been compared to a bug; certain black marks on its body have been 
interpreted, by no less an authority than PoutTon, as false sting-marks 
of parasites which would deter these enemies from ovipositing in the 
larva by suggesting that the host is already occupied. In addition, the 
full grown larva has a well developed acid gland, and, finally, the 
younger instars have a very pronounced similarity to large ants, both 
in shape and in behaviour. Some items in this list undoubtedly are the 
product of phantasy, and nothing is known about the protective value 
of the remainder, but this at least is certain that the full grown Lobster 
caterpillar is quite inconspicuous because of its dull brown colour, its 
highly unusual shape and its immobility, and that this effect is en- 
hanced by its double inverted countershading. 

This countershading is very similar to that of ziezac, to which fagi 
is rather closely related, as evidenced also by its resting attitude. In the 
Lobster, as in ziczac, suprastigmatal laterals form the contrast lines. 
For reasons of space, I must refrain from describing the pictorial relief 
which very effectively accentuates the strange shape of the body. An 
account of this aspect of the pattern will be published elsewhere. 

On dissection, the hypodermis proves to be rather pale brown, 
somewhat darker ventrally than dorsally, but with a much less steep 
gradation than one would expect in view of the marked countershading 
of the intact larva. The hypodermis also shows the stripes and other 
markings, but in lesser contrast than in the living larva. The intensifica- 
tion of the pattern is due to the cuticle, which contains the full pattern, 
countershading included, in a very contrasty pigmentation of blackish 
brown. ‘The pale green blood has no influence on the appearance of the 
caterpillars. 

The development of the pattern is gradual. Yet the younger instars 
look very different from the full grown caterpillar, and are, as already 
said, very similar to ants of the Formica rufa type. The analysis of this 
fascinating resemblance, probably a case of mimicry, must be reserved 
for another paper. The likeness persists until the third instar. Only in 
the fourth instar the Lobster caterpillar acquires a dull brown colour. 
At this stage, it also becomes less active, and countershading appears. 


From now on, the larvae apparently rely in the first place on cam- 
ouflage. 
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My data on the behaviour of crawling Lobster larvae (Table 1) 
indicate a strong preference for the upper cee of the twig. In rv, and 
perhaps also in v, light does not seem to influence their orientation. On 
our thin twigs, nate obedience to gravity dominates the behaviour 
of the fifth instar larva. On the thicker twigs of its food plant, however, 
it can easily maintain itself on the upper side. Yet some observations 
indicated that the larvae under natural circumstances attain the correct 
position by passively yielding to gravity. 


Q. Lophopteryx capucina L. (Notodontidae). The countershading of this 
species is less “‘good”’ than that of any of the foregoing. Ts ventral 
field, between the two yellow laterals, is plain g green. The dorsal half 
of the larva is bluish green. The mea 1S Ae white. From there, 
the colour deepens towards the laterals in a somewhat irregular 
manner, as there are traces of a pattern of alternating dark green and 
light longitudinal bands. Probably this is a phylogenetically primitive 
pattern. For that reason, capucina is of special interest in connection with 
the problem of the evolution of countershading. On the thorax there is 
no countershading at all. 

The green colour is due mainly to the blood. The hypodermis is 
white dorsally, more yellow and less opaque ventrally. It contains the 
laterals. The cuticle is practically colourless. The exact tone of the 
ground colour is determined by the hypodermis with its varying 
content of yellow pigment. Countershading is due to the dorsally 
increased screening effect of the hypodermis. 

Even as late as the fourth instar, the larvae are not yet really 
countershaded but wear a pattern of longitudinal yellow subdorsals and 
laterals on a green ground colour. However, the subdorsals have 
already expanded greatly into the dorsal field, and the lateral field 
has assumed a yellowish tinge. 


10. Colias croceus Fourcroy (Pieridae). SUrFERT has chosen the cater- 
pillar of the Clouded Yellow as the “‘paradigmatischer Einzelfall”’ with 
which he opens the presentation of his data. Nothing needs to be added 
to his elaborate description of the full grown larva. It differs from all 
species so far discussed here in that its double countershading is not 
inverted. The green ground colour is darkest on the mid-back, and 
from there it gradually lightens until the light laterals are reached. At 
the ventral boundary of the latter, the green at first is very dark again, 
but lightens towards the median line of the belly and the tips of the 
prolegs. 

My findings on the anatomy of the larva agree completely with 
SUFFERT’s results. The green ground colour and the laterals are 
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localized in the hypodermis. Countershading is due to the co-operation 
of hypodermis and cuticle. The latter has a graded pigmentation of 
melanin, whereas the hypodermis itself is graded both as regards its 
opacity and the intensity of its green pigmentation. The development 
of the pattern is gradual. The green colour is present from the second 
instar. Laterals and countershading appear in the third. 

SUrFERT states that larvae in the first four instars are always found 
on the upper side of the leaves of their food plant. Full grown larvae 
often sit on stems or leaf stalks, always turning their backs to the light, 
even if, in experimental conditions, this comes from an unusual angle. 
Strrert has not found any influence of gravity on the orientation of the 
larvae, but he made no quantitative experiments to determine 
whether such influence is in fact completely absent. The main method 
by which the larvae attain their normal position is to crawl in a spiral 
around the stem, until they have reached the desired orientation. 
Apart from this, the tilting reaction which we shall discuss in the next 
species, has also been found in croceus, but here it is slow and its am- 
plitude is small. Crawling croceus larvae have a strong preference for 
dorsal light. 

A final point of great interest is that SUrFERT found that the pupae 
of croceus, which, as all girdle pupae, hang with their ventral side 
upwards, have inverted double countershading. 


11. Gonepteryx rhamni L. (Pieridae). The caterpillar of the Brimstone is 
similar to that of the Clouded Yellow. My observations on this species 
completely confirm StrrEert’s description. The ground colour of the 
full grown rhamni larva is darkest on the midback. From there it 
gradually lightens toward the white laterals, into which it melts 
imperceptibly. The ventral field is also countershaded. 

Practically the whole pattern is located in the hypodermis, though 
in the latter’s more transparent parts blood and gut may also play a 
role. The exact shade of the ground colour is determined partly by the 
even grey pigmentation of the cuticle. The development of the pattern 
is gradual. Countershading is clearly visible from the third stage 
onwards. 

First instar larvae of rhamni are to be found on both sides of the 
buckthorn (Rhamnus catarctica) leaves. All later instars, however, sit only 
on the upper side of the leaves. The larvae have a strong preference for 
dorsal light. When on a twig, they crawl in a spiral until they have at- 
tained the correct position. On the flat leaves, however, this sort of ad- 
Justment is impracticable. It is highly significant that, as SirFERT found, 
the larvae here use a different means to achieve the same result. When 
lighted from one side, the larva tilts its body by contracting the legs 
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on that side, and stretching those of the other side. This reaction is 
very rapid, and has a surprisingly wide amplitude (more than go° 
each way). SUFFERT has shown that in this case the light stimulus is 
perceived not by the eyes, but by a diffuse sense in the skin of the 
whole body. 
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Fig. 6. Endromis versicolora L. Experiments on the orientation of larvae crawling on 
a bare twig. 
2: thick horizontal twigs, lighted from above; 4: thick horizontal twigs, lighted from 
below; 7: vertical twigs, lighted from one side. 


The pupa of the Brimstone shows adaptive coloration of a type 


similar to that of croceus. 


12. Endromis versicolora L. (Endromidae; plate m1). Interesting problems 
are raised by the development of the caterpillars of the Kentish Glory 
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(De Rurrer, 1954). They begin life with an aposematic pattern and 
gregarious habits. Gradually, however, they develop a beautiful cam- 
ouflage, and become solitary. However, in this species, the cryptic 
habits develop rather later than the concealing pattern. When full 
grown, the larvae have a green ground colour with strong inverted 
countershading, and a pattern of slanting white stripes, edged with 
darker green especially on the dorsal side. It is interesting that the 
latter, in spite of their similar appearance, are probably not homologous 
to those of tiliae and ocellata, as in versicolora they slant down backwards, 
instead of forwards as in the Sphingids. 

The green ground colour is due to the interaction of the blue green 
blood and the yellowish hypodermis. The latter is responsible for the 
exact adjustment of the ground colour to the shade of the leaves. In 
addition, it is the seat of countershading, being white and opaque 
dorsally, but becoming gradually more yellow and translucent towards 
the ventral side. The hypodermis also contains the slanting stripes. 
The cuticle is light grey, marked with many small black dots. The 
latter are larger, darker and more numerous ventrally than dorsally, 
and thereby support the countershading. 

In nature, feeding and resting versicolora larvae are always found 
hanging on the underside of twigs and leaf stalks. When crawling, 
they very clearly prefer the upper side of horizontal twigs. On thin 
twigs, however, their weight will often pull them down to the underside. 
This will happen especially to feeding larvae, which are supported 
only or mainly by the flexible leaf stalk. It should be added that the 
larvae crawl very seldom, and if they do, only for short distances. 
They never move when alarmed by vibrations of the twig. Our ex- 
periments (fig. 6) on crawling versicolora larvae confirmed that the 
caterpillars have a preference for dorsal light and for the upper side 
of the twig until they pupate. 

Experiments in which, in a dark room, different parts of the body 
of a versicolora caterpillar were exposed to a very narrow beam of light 
showed that the eyes are the sense organs responsible for the light 
reaction. 


13. Charaxes jasius L. (Nymphalidae). This mediterranean species, on which SGFFERT 
made some observations, always sits on the upper side of the leaves of its food plant, 
where it remains motionless as long as there is daylight. It is green, with inverted 
double countershading, the substigmatal lateral acting as contrast line. Counter- 
shading is located in hypodermis and cuticle. There is a very strong tilting reaction 
in this species. 


14. Apatura ilia Schiff (Nymphalidae). This species, according to SiirrFERT, combines 
longitudinal and normal countershading. This remarkable pattern is in good 
agreement with its normal position, sitting vertically on the upper side of hanging 
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leaves. It reaches this position by means of reactions to light (direction and intensity), 
gravity, and the structure of the plant. Once the caterpillar has attained its resting 
position, its only further reaction is a strong tilting, which ensures that the larva 
always has dorsal light. Experiments on the localisation of the receptors led to the 
same result as in rhamni. The pupa which hangs head downwards, instead of upwards 
as the caterpillar, also has longitudinal countershading, but in harmony with its 


position the direction of the gradient is here opposite to what Strrert found in the 
larva. 


15. Papilio podalirius L. (Papilionidae). Sirrerr states that this species, just as ilia, 
combines normal and longitudinal countershading. It also has the same resting 
position. Here, as in ilia, reactions to both light and gravity were found. However, 
the influence of gravity is far weaker than in ilia. It is interesting that podalirius, 
though its countershading is not double, has a lateral. 


16. Actias selene Hb. (Saturniidae). Strrerr described larvae of this species. When 
full grown, they have double inverted countershading, the substigmatal lateral 
acting as contrast line. They normally hang on the underside of the twigs of their 
food plants. This is due to light and gravity reactions. The first reaction of the larva 
to lateral light is tilting, but as a rule this is followed sooner or later by locomotion 
which brings the animal into the correct position. In addition, the same bending and 
twisting which ALBERDA found in Peridea anceps can be observed in selene. 
SUFFERT’s description of the localisation of the pattern is not entirely clear. The 
cuticle has marked single countershading. The double countershading of the entire 
pattern must be due to the hypodermis, which also contains the contrast line and 
part of its pictorial relief. Another part of the latter, however, is due to the cuticle. 


17. Rothschildia orizaba Westw. (Saturniidae). According to SUrrerr the “Zwei- 
flacheneffekt”’ of double countershading is most complete in this species. Yet, judging 
by his description of the localisation of the pattern, the ventral field is not counter- 
shaded. The parts dorsal to the substigmatal lateral which acts as contrast line are 
beautifully countershaded. This gradation is due to the hypodermis alone. The larva 
adjusts its position by tilting, bending and locomotion. 


D. DISCUSSION 


We must now summarize these data in order to see to what conclusions 
they lead. The above list of countershaded species is anything but 
complete. Its composition was determined solely by the availability of 
material. Yet it illustrates to some extent the fact that the occurrence of 
countershading bears no relation to taxonomic divisions. Graded 
pigmentation occurs in widely different families, but it may be absent 
in the nearest relatives of countershaded species (e.g., ocellata and popult). 

On the other hand, there is some connection between the occurrence 
of countershading and the ecological properties of caterpillars. All coun- 
tershaded larvae so far described have cryptic patterns. Hence, in view 
of the strong positive correlation (Corr, 1940) between inconspicuous- 
ness and palatability, they may be expected to be relatively palatable. 
What little evidence we have (chapter 11; STEINIGER, 1938) certainly 
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confirms this expectation. In such species as fagi and verstcolora, coun- 
tershading appears only when the conspicuous elements of pattern and 
behaviour have disappeared. 

Anatomically, the patterns of different countershaded species often 
are extremely unlike. Even the direction of the gradient can vary 
(Table m). Moreover, there can be either one uninterrupted gradient 


TABLE II 
Single Countershading 
Ventrodorsal gradient: ocellata 
tiliae 
ligustri 
anceps 
versicolora 
Dorsoventral gradient: alia 
podalirius 
Rostrocaudal gradient: alia 
podalirius 
Double Countershading 
Ventrodorsal gradient: 
Subdorsal contrast line: stellatarum 
Substigmatal lateral contrast line: selene 
orizaba 
Suprastigmatal lateral contrast line: ziczac 
Sagi 
Other contrast lines: vinula 
Dorsoventral gradient 
Stigmatal contrast line: croceus 
rhamni 
Substigmatal contrast line: Jasius 


over the whole body, or two gradients. In the latter case, the contrast 
line (p. 306) may be either the subdorsal, or the lateral, or yet another 
element. Little is known of the homology of pattern elements in 
caterpillars, but it may be important to distinguish between sub- 
stigmatal, stigmatal, and suprastigmatal laterals among the contrast 
lines. Further research on this point, and indeed on the homology of 
larval patterns in general might prove fruitful. 

The seat of the gradients also varies among species. Table m gives 


TABLE III 
, hypodermis hypodermis hypod i 
h 5 ypodermis, 
ypocextats and blood and cuticle cuticle and blood 
ocellata vinula Sagi stellatarum 
tiliae capucina croceus versicolora 
ligustri Jasius 
rhamnt ZUZAac 


selene 
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a somewhat schematic summary of the available data on this point. 
In this table, only the main contribuents to the patterns are mentioned, 
and it should be realised that there may be considerable differences in 
the mode of action of each organ among the species listed in the same 
column. 

What little data we have on the evolution of graded pigmentation 
suggests that here, too, differences will occur. In capucina, counter- 
shading has apparently developed by a process of expansion and 
blurring of longitudinal stripes. In the Sphingids, countershading 
probably has another origin, for here the subdorsal (ocellata, ligustri) 
and the lateral (stellatarum) may still be sharply defined at a stage when 
the ontogeny of countershading is almost completed. 

There is one morphological property, however, which all counter- 
shaded caterpillars have in common. The pigmentation gradients on 
different parts of the body are always so directed that in the animal’s 
normal resting attitude they are parallel to one another. Perhaps the 
most striking examples of this principle are provided by species with 
such bizarre resting attitudes as fag, but others can be found in all 
cases of double countershading and pictorial relief. 

A similar harmony, but between less closely related characters, and 
therefore of greater interest, transpires from the comparison of 
behaviour and pattern of countershaded caterpillars. In this context, 
the parallel should be mentioned between, on the one hand, the 
patterns of stellatarum and, e.g., ocellata, and on the other hand the 
appearance of the leaves among which they live. Both types of pattern 
are common in the Sphingid family (MELL, 1922; Moss, 1920; 
ROTHSCHILD and JORDAN, 1903; WEISMANN, 1876), and it would be 
interesting to see whether the same correlation between pattern and 
type of food plant selected will be found in all cases. 

Still more important is the fact that without an exception all 
countershaded caterpillars turn their darkest side to the light in their 
natural environment. How closely pattern and behaviour are linked 
can be seen especially from the ontogeny of these larvae: the graded 
patterns and the concomitant behaviour as a rule develop at very 
nearly the same time. The only exception to this rule I know is 
versicolora (DE RuITER, 1954). This species differs from all others in 
that its larvae initially are gregarious. Apparently the advantages of 
this habit, which may cause an acceleration of development (as 
demonstrated in Vanessa by MosEBACH, 1938) outweigh that conferred 
by countershading until a fairly late stage in development. Another 
striking instance of the parallel between pattern and habits is formed 
by such cases as croceus and rhamni, where a reversal of gradients 
coincides with the change in habits involved in pupation. 
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The significance of these parallels is enhanced by the fact that on 
analysis the underlying behavioural mechanisms are found to be as 
varied as the morphological constituents of the patterns. 

All Lepidopterous larvae so far investigated are negatively geotactic, 
and the great majority of them, as well as of other insects, prefer mid- 
dorsal illumination (‘‘Lichtriickenreflex’’, BUDDENBROCK, 1952; dor- 
sal light reaction, FRAENKEL and Gunn, 1940). Therefore, it is of no 
special interest if, as in species with normal countershading, we find 
that these reactions guide the caterpillars into the right position. A very 
remarkable group, however, is formed by species with inverted 
countershading. Some of these, indeed, have retained their preference 
for dorsal light (ligustri, versicolora, stellatarum, vinula), but in others we 
find a reversed light reaction (ocellata, selene), and probably a few 
others (fagi, and perhaps ziczac) which do not yet prefer ventral light, 
at least have no predilection for dorsal light either. To my knowledge, 
a ventral light reaction is not found in any non-countershaded species. 
Even in populi, which is very closely related to ocellata, we find the 
normal dorsal light reaction. We do not know why only some of the 
species with inverted countershading have this adaptive type of light 
reaction. Perhaps this may be connected with variations in the adaptive 
value of countershading among species, due, ¢.g., to the possession of 
other means of defence or to differences in predation pressure. 

Even within the group whose orientation is due to a reaction to 
light, there are considerable differences both on the receptor and on 
the effector side in the mechanisms involved. Light may be perceived 
either by a diffuse sense in the skin, or by the ocelli. The hypothesis 
might seem tempting that the more primitive reaction (dorsal light 
reaction) is mediated by the more primitive sense organ (skin). 
However, this is not tenable. In a number of species with preference for 
dorsal light, the eyes are the responsible organs (versicolora, Celerio 
euphorbrae L., (De Rurrer, unpublished observations)). As far as I know, 
the only case of ventral] light reaction where this problem has been 
investigated is ocellata, where the ocelli proved to be responsible. On 
the motor side, the reaction to light may take the form of locomotion, 
tilting or twisting. It is important that, for instance, tilting, an im- 
portant element in the behaviour of some countershaded species, has 
not yet been found in non-graded larvae. 


In my opinion, the facts here presented are sufficient to substantiate 
the statements made at the beginning of this chapter. We must next 
consider whether they can form a basis for the conclusion that counter- 
shading is an adaptation. Strrerr has published his data without 
discussing their interpretation, though in some places he points out 


COUNTERSHADING IN CATERPILLARS 319 


what explanation they suggest. In his concluding pages, he makes 
some remarks on the lines of reasoning to be followed in evaluating 
such data, but states explicitly that he wants to reserve their full 
application for a later paper. To my knowledge, this paper was never 
written. 

For that reason we shall discuss the steps involved in our conclusion 
in some detail. We must first define the term adaptation as used in this 
paper. An adaptation is any character of an organism that satisfies the 
following criteria: (1) in its present state, the character must have a 
greater survival value than it had in the form in which it occurred in 
the immediately ancestral type living in the same environment, and (2) 
the increase in survival value must have been one of the causes (either 
in a Lamarckian or in a Darwinian sense) of its evolution into the 
present form. 

The conclusion that countershading is an adaptation in this sense 
may be drawn from the indirect evidence given above only if it can be 
shown that no alternative hypothesis is equally or more probable. It 
is true that the case could be strengthened very much by taking into 
account other groups such as Vertebrates and Molluscs (Corr, 1940; 
Homes, 1940; LONGLEY, 1917, 1926; MERTENS, 1943; MoTTrRam, 1915), 
but this would Jie outside the scope of the present paper. 

The following hypotheses must be considered: 

(1) that countershading is an entirely conservative character in which 
no evolution has taken place at all, 

(2) that countershading is the result of an evolutionary process that was 
not influenced by the survival value of the pattern, which may or may 
not be positive. 

(1). Apart even from its improbability, the assumption that counter- 
shading is an entirely conservative character can be refuted at once. 
If this were correct, all graded patterns would have to be morphologic- 
ally identical. As we have seen, this is certainly not the case. It is even 
impossible, on the following grounds, to regard all countershaded 
patterns as homologous derivatives of a common ancestral graded 
pigmentation. 

(a). The direction of the gradient relative to the body axes varies 
among species. However, all graded pigmentation has the same orienta- 
tion with regard to the environment: the darker parts are always 
turned to the light. Therefore, the gradients might be of common 
phylogenetic origin, being due to the same physiological reactivity to 
an environmental stimulus in all species. For Vertebrates, this assump- 
tion has in fact been made, and the adaptive nature of countershading 
has been contested on this ground (¢.g., BARBOUR and PHILLIPS, 1911). 
As pointed out by Hyorr (in Murray and Hjort, 1912), the latter 
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conclusion is unfounded, even if countershading would be due to such 
a mechanism, for the possession of such special reactivity by many 
species is a strong argument that this reactivity itself must be adaptive. 
In our caterpillars, however, it is most unlikely that countershading 1s 
due to a common mode of reaction to environmental stimuli, as not 
only the organs carrying the gradient, but even the very pigment itself 
is not the same in all cases. It would be an even more fatal objection 
against the hypothesis under discussion if it could be shown that the 
patterns develop normally in caterpillars reared under abnormal light 
conditions, e.g., lighted from below. We started an experiment along 
these lines on versicolora, but unfortunately the larvae were killed by 
disease before countershading could develop. 

(b). As already said, our observations on ocellata and capucina suggest 
that the evolution of countershading has taken different starting points 
in these species. 

Of course, within restricted groups such as the asemanophorous 
Sphingids (to which oceélata, tiliae, and ligustri belong), countershaded 
patterns may be completely homologous. Yet it seems indisputable that 
countershading is not a conservative character in caterpillars, but that 
it has arisen independently in many branches of the phylogenetic tree 
of the Lepidoptera, and that the similarity of the patterns is pure 
convergence. 

(2). The only remaining alternative to the assumption that counter- 
shading is an adaptation is the hypothesis that its evolution was not 
influenced by its survival value. I have argued elsewhere (DE Ruiter, 
1955 and in prep.) that the evidence available in the case of colour 
patterns is in good agreement with the almost generally accepted 
theory (DOBZHANSKY, 1951; HUXLEY, 1945; SIMPSON, 1953; WRIGHT, 
1949) that evolution is caused mainly by natural selection from 
“‘mendelian populations” (DoBzHANsky, 1950). However, as was 
pointed out especially by Wricur (1931, and elsewhere), the course 
and rate of the selective process will be influenced by chance fluctua- 
tions in gene frequencies. The extent of this influence is very insufli- 
ciently known. For a complete understanding of any given case, we 
would need data on the number of genes involved, the number of 
available alleles of each of these genes, the selective values (and their 
standard deviations) of all possible combinations of alleles, and the 
population number. In the case of countershading, we have no data 
on any one of these points. However, there is one important objection 
against the hypothesis that countershading is the result of ‘“‘genetic 
drift’. Drift continually tends to disintegrate any existing gene com- 
plex. Hence, it is significant that the variation within species of 
countershaded patterns is very small. This must be due to the weeding 
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out of aberrant individuals which will inevitably arise, i.¢., to the 
selective advantage of the gene complex resulting in countershading. 
This implies that this selective advantage must necessarily also have 
played a role in the spread of this complex over the species, so that the 
complex satisfies our definition of adaptation. 

We must now face the objection that this selective advantage is not 
due to the graded pigmentation but to some other effect of this gene 
complex, countershading being an indifferent, or perhaps even slightly 
detrimental by-product, due to pleiotropy of certain genes of the 
complex. Two arguments can be advanced against this hypothesis. 

(a). The phenotypic expression of a gene is not unalterable. It 
depends on the total genetic constitution of the organism (FisHER, 
1930). A change at other loci may alter the expression of the gene under 
consideration (Forp, 1940). Therefore, if countershading were a 
harmful secondary effect of otherwise beneficial genes, we should 
expect selection to take place for a gene complex in which the injurious 
effects would be suppressed, without the loss of the favourable effects. 
There is some evidence that such processes do occur in nature (BLair, 
1947; Fisher and Forp, 1947). However, if they were taking place in 
the case of countershading, this would be bound to manifest itself in 
increased variability of the patterns. Hence, their low variability is an 
argument that, if a by-product at all, countershading is at least not a 
harmful one. Now, of course, the probability that any major character 
of an organism would be completely neutral in its effect on survival 
value is very small. It is therefore more likely that countershading will 
have added to the total selective advantage of the genes involved, and 
will correspondingly have accelerated the evolution of the complex. 

(b). On the assumption that graded pigmentation is a mere by- 
product, the correlation between behaviour and pattern of counter- 
shaded caterpillars can be understood only if we assume in addition 
that the responsible gene complexes also happen to produce the 
observed behaviour. This is most improbable, firstly in view of the 
fact that, far from being due to a common reactivity to the environment 
in all species, countershading almost certainly is caused by different 
gene complexes in different species, and secondly because the mecha- 
nisms underlying the behaviour are widely different. A far more likely 
alternative is the assumption that all gene complexes which produced 
countershading in combination with different behaviour have been sup- 
pressed by selection. This, ofcourse, means that we regard the combina- 
tion of graded pigmentation with the ‘‘right” behaviour as an adaptation. 


At the present stage of our knowledge, very little can be said about the 
actual course of the evolution of countershading. It is most unlikely 
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that the gene complex as we now find it in a countershaded species will 
ever have arisen full-fledged by a chance combination. More probably, 
a preference for a certain orientation with regard to the environment 
in evenly pigmented species may have been primary. In the absence of 
any such preference, countershading could hardly have protective 
value, but a slight preference might be sufficient to give graded pigmen- 
tation some selective advautage. With the selection for such a pattern, 
the selective value of further ‘‘improvements”’ in the behaviour of the 
caterpillar will have increased. From then on, pattern and behaviour 
may have evolved hand in hand, until such perfection on both points was 
reached as we find, e.g., in ocellata. The evolution of countershading 
may therefore have taken much the same course as that of other 
adaptations in which structure and behaviour of an animal co-operate 
(LORENZ, 1943; TINBERGEN, 1952). 

Although the data presented in this chapter seem to form a sufficient 
basis for the conclusion that countershading is an adaptation, they do 
not inform us as to the nature of the advantage conferred by graded 
pigmentation. The only clue we have on this point is the fact that, to 
the human eye, countershaded caterpillars are less conspicuous than 
they would be if their pigmentation was not graded. This suggests 
that the function of these patterns might be to protect the larvae from 
their natural predators. This conclusion is supported by the observation 
that graded pigmentation is found only in larvae that are concealingly 
coloured in other respects as well. 

However cogent this conclusion may seem to those who have field 
experience of the effect of countershading on the conspicuousness of 
animals to man, it must be realised that it rests on the unproven assump- 
tion that the predators’ perception is similar to ours. Further evidence 
is therefore required before we can without reserve accept this 
hypothesis on the function of countershading. 


Ill. DIRECT EVIDENCE FOR THE PROTECTIVE: FUNCTION 
OF COUNTERSHADING 


Observation of the animal concerned in its natural surroundings is the 
only way to prove that a given character fulfills a certain function. In 
our case, this means that we must watch encounters between cater- 
pillars and their natural enemies, in order to determine whether the 
predators are less dangerous to countershaded specimens of a species 
than to specimens that are non-graded but entirely similar in all 
other respects. 


This raises a practical problem. We do not know a single species 
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with two types of caterpillars, one countershaded and one plain, but 
similar in all other aspects. This difficulty can be overcome in a way 
already suggested by SrerniGErR (1938). We haveseen (p. 293) that coun- 
tershaded caterpillars are inconspicuous only when in the correct atti- 
tude. When inverted, they are very conspicuous. Now the difference 
between two graded larvae, one inverted and one in the normal 
attitude, is of entirely the same nature as that between countershaded 
and non-graded members of the same species, both in the normal 
attitude. It is true that quantitatively the two cases are unlike, the 
difference being smaller in the latter: here we are comparing absence 
of shadow with normal shadow, whereas in the former case we compare 
absence of shadow with exaggerated shadow. However, if we can show 
that countershaded caterpillars are in greater danger of predation 
when inverted than in their normal attitude, the conclusion is unas- 
sailable that the countershaded larvae must also be better protected 
than non-graded members of the same species would be. STEINIGER’s 
attempt to prove the function of countershading in this way remained 
unsuccessful. As he pointed out, this may have been due to the limita- 
tions of his technique. Therefore, we have made a fresh attempt. 

We resorted to cage experiments, because it seemed impossible to 
collect statistically significant data in the field, ¢.g., by using CARRICK’s 
method (Carrick, 1936). 

As predators, we used Jays (Garrulus glandarius L.), not only because 
this species, an important natural enemy of caterpillars (Goopwin, 
1951), can easily be kept in captivity, but in particular because of its 
remarkable visual discriminatory powers: a camouflage which protects 
a species from Jays may be expected with some confidence to be 
effective against other visual predators as well. A short additional series 
of tests with Chaffinches (Fringilla coelebs L.) was made at Hulshorst. 

We have taken every possible precaution to ensure that the en- 
counters between predator and prey took place under practically 
natural circumstances. AJl our Jays were hand reared birds that were 
in good health and not shy of the experimenter. A preliminary series of 
experiments was made at Hulshorst in 1948 (De RuirEr, 1952b). 
There we used a cage of 4 X 1 X I m, one wall of which was covered 
with freshly cut twigs of the food plant of the caterpillars used in the 
experiment. In Wytham we used a much larger aviary, measuring 
approximately 9 x 9 x 2m. This was built among shrubbery at the 
edge of a wood, inhabited by several families of Jays who often visited 
the neighbourhood of the aviary. It is hardly an exaggeration to say 
that the aviary was a fenced off part of the natural habitat of Jays. 
Part of the small trees and shrubs growing in this aviary were birches. 
These, being the natural food plants of versicolora and tiliae, we used 
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in our experiments on these caterpillars. For the other tests, we used 
large bunches of freshly cut branches of willows and privet, placed in 
jars dug into the soil. 

Even the best camouflage can be rendered ineffective by move- 
ments of the animal. In our experiments, the inverted larvae, being in 
an unnatural position were more likely to move than the normal ones. 
This factor might have falsified our results by adding to the risk of the 
inverted larvae. We therefore used larvae freshly killed with a small 
dose of cyanide vapour, and tied to the twigs in a stretched attitude. 
We found it impossible to imitate the natural resting attitude of the 
larvae, but it must be remembered that the attitudes of inverted and 
normal larvae were exactly the same. Due precautions were taken to 
remove traces of cyanide by airing the larvae before the experiment, 
and to make the threads with which they were tied invisible. 

In all experiments, equal numbers of normal and inverted larvae 
were used (never more than four of each type per experiment, and 
often less). We always took scrupulous care to place the caterpillars so 
that they were equally exposed and equally accessible to the birds. 
The birds were left without food for some time before the experiment, 
in order to ensure that they would search actively. In the large aviary 
we often used two Jays simultaneously, as we found that they hunted 
independently of each other. We made notes not only of the exact 
times at which the individual preys were captured, but of the birds’ 
behaviour in general. Each experiment was continued, if possible, 
until all preys of one type had been found. 

We shall see in chapter v that for quantitative purposes the results 
of such experiments can best be expressed in the form of frequencies of 
captures of preys of different types. However, the fluctuations in 
frequency observed in our experiments were so great that the statistical 
reliability of the conclusions to be reached in this way would not 
justify the amount of work involved. Hence, we shall content ourselves 
with a qualitative conclusion, and give the results in a form commonly 
employed in such investigations (CHILDs, 1953; Dice, 1947; ERGENE, 
1951; PoPHAM, 1941, 1943, 1944; for a review of the earlier literature 
see COTT, 1940), wz. the numbers of preys captured (Table tv). 

It has been pointed out, e.g., by Dice (1947), that the number of more 
conspicuous preys will dwindle more rapidly than that of the better 
concealed ones. Hence, even if we start with equal numbers of the two 
types, an excess of the latter type will be present in the later stages of an 
experiment. Now the frequency of captures of preys of a given type 
will also depend on the numbers present of that type. Therefore, the 
number of victims among the less conspicuous preys will be relatively 
too high. In spite of this, as the table shows, in only two out of fourteen 
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TABLE IV 


number of caterpillars found by 


Dee Minstrel Jean! total for all Jays 

I N2 I N I N I N 
versicolora 8 8 3 2D — — II 10 
liliae 25 19 II 8 2 0) 48 28 
ocellata 14 13 14 7 14 6 42 26 
vinula 4 4 4 ) 26 13 34 17 
ligustri 24 23 6 2 2 I 32 26 
totalfor all preys 85 67 38 19 


43 19 167 107 


* Dee and Minstrel were used at Wytham, Jean at Hulshorst. 
2 I = inverted, N = normal attitude. 


combinations of one Jay with one caterpillar species, the numbers of 
normal and inverted larvae captured were equal. In all other twelve 
cases, more inverted than normal larvae were detected. The opposite 
was never observed. The numbers of larvae used in our experiments 
were limited by the availability of material. Consequently, the excess 
of inverted victims reaches the conventional minimum level of signifi- 
cance (P= 0.05) only in the tests with Dee on éiliae, though in 
another case it comes close (Jean-vinula). 

If for each prey species we add together the tests with all birds, we 
find an excess of inverted victims in all five, and in two this excess is 
significant between probability levels of 0.05 and 0.02 (teliae and vinula). 
On the other hand, if we combine all tests on different preys for each 
of the birds, we find an excess of inverted victims for all three birds, 
which is significant at a better level than 0.02 in Minstrel and Jean. 

The conclusion seems justified, therefore, that inverted caterpillars 
run a greater risk from Jays than do larvae in their normal attitude. 
However, can we assert that this is a consequence of countershading, 
or could it be due to the mere fact that a caterpillar hanging under 
a twig is more or less hidden from a bird approaching along that twig? 
I can offer two arguments to meet this criticism. During the tests in 
Wytham, we tried to see from which direction the birds detected the 
caterpillars they captured. Although this was not always possible, we 
obtained the following data: 


caterpillars captured 
I N total 


below 28 23 51 
approached from { same level 6 9 15 
above 7 1 19 
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This shows in the first place that hunting Jays look upward more often 
than down, for, among all captures, the excess of larvae detected from 
below is highly significant. Hence, caterpillars in the normal attitude 
will be more instead of less exposed, so that the criticism is unfounded 
in any case. However, our data also show that the proportions of larvae 
approached from above and below are not significantly different 
between inverted and normal captured larvae. Therefore, the excess 
of inverted victims must be due to countershading. 

Another check on this point was provided by a series of controls run 
at Hulshorst, in which we used 12 pairs of vimula larvae painted a 
uniform green so that they were not countershaded, but otherwise 
unchanged. The quantitative results of such a small series (7 inverted 
and g normal larvae captured) are of little importance, but we made 
some interesting qualitative observations. In the rather small cage used 
at Hulshorst, we could watch the birds closely. In tests with unpainted 
larvae, we had noticed a striking difference in their behaviour towards 
normal and inverted preys. Inverted preys were as a rule seen from a 
considerable distance, and even if they were detected from nearby, the 
eagerness with which the Jay jumped at the caterpillar was remarkable. 
On the other hand, normal larvae were always found only at fairly 
close quarters. The attacks on them were never made with the 
eagerness displayed against inverted preys, and in some cases only 
after marked hesitation. To those who witnessed these tests, this 
difference constituted impressive evidence for the protective value of 
countershading. 

Now in the controls with painted larvae, we never detected any 
difference in the bird’s behaviour toward normal and inverted larvae. 
This supports the conclusion that the excess of inverted victims among 
unpainted larvae is due to countershading, and not to obstruction of 
the bird’s view by the twig. 

A further question of some interest is whether the protective value 
of countershading is the same in all prey species investigated, and 
whether all Jays are deceived to the same extent by this camouflage. 
At first sight, Table 1v may seem to suggest a negative answer on both 
points, but no conclusion regarding them should be based on our data 
for the following reasons. (1) Learning processes have great influence 
on the protective value of a camouflage against an individual predator 
(De Ruirer, 1952a, 1953). Now Dee was used in a far greater number 
of experiments than either Minstrel or Jean, and found more larvae 
than the other two Jays together. This may be the reason why counter- 
shading appears less effective against Dee. The following fact agrees 
with this view. The majority of the tests with tiliae were made when 
Dee was still inexperienced, and only a few more were made later at 
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long intervals. Now tiliae is the only species in which countershading 
proved effective against Dee. (2) The majority of the data on ligustri 
were derived from one long uninterrupted series of tests on Dee, made 
when this bird was very experienced. Therefore, there is no reason to 
assume that the countershading of this species is less effective than, Oils 
that of vnula. (3) For a different reason the same applies to versicolora. 
The experiments on this species were made at the beginning of the 
season, when the birds had just been moved from their winter quarters 
in the laboratory to the aviary. Probably owing to this circumstance 
their searching was very little active during the versicolora tests. No 
reliance should be placed on this series. 

Nevertheless, differences in the effectiveness of countershading against 
various predators will undoubtedly exist. We found some evidence for 
this in our experiments with Chaffinches. The number of captures 
obtained in this series was too low to justify any conclusion: 


I N 
OCCUCL CR p ee coms Poe ent enan ae 6 4 
DIONE Cm ea ee 4 3 


This may be connected with the fact that the Chaffinches, though known 
to catch such large larvae in nature occasionally, often seemed some- 
what reluctant to attack them. The salient point, however, was the 
difference in hunting technique between Chaffinches and Jays. The 
latter, especially when hungry, make a rapid survey of a large area, 
and unless something at once attracts their attention, hop or fly on. 
Chaffinches, on the other hand, move slowly, making a minute search 
of areas with a much smaller radius. Our observations indicate that, 
if a caterpillar is present within this radius, it makes little difference 
whether it is in inverted or normal attitude. Of course, this does not 
mean that countershading is entirely ineffective against Chaffinches. 
The direction in which a finch will move on will be determined largely 
by the attractiveness of the things lying just outside the area it is 
searching at a given moment. A conspicuous larva may then turn 
the bird’s attention to a direction which it would not have taken if the 
larva was camouflaged. An additional point of interest was that 
qualitative observations indicated that the Chaffinches were more 
afraid of the conspicuous inverted larvae than of the less formidable 
looking normal ones. 

We cannot form an adequate picture of the ecological importance 
of graded pigmentation even to a single population of one counter- 
shaded species until we know its effect on each of the visual predators 
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acting on the population, and the share of each predator in the total 
mortality. However, the data here presented enable us to conclude 
that countershading to some extent protects caterpillars from Jays, and 
probably from avian predators in general. 


IV. THE USE OF SHADE AS A RECOGNITION MARK 


The experiments to be described in this chapter were designed to 
determine whether the certainty with which Jays distinguish between 
flat and cylindrical objects of the same colour and outline is smaller 
when the cylindrical object is countershaded than when it is non- 
graded. I first trained the birds, when given the choice between two 
models, to look for food behind one (the “‘positive’? model) and not 
behind the other (¢.g., behind a flat model, and not behind a cy- 
lindrical one). Once this conditioning had been established, I made 
discrimination tests in which the bird was given the choice between 
a pair of models, one of which was countershaded, the other being 
either cylindrical or flat. 

The models (plate 1v) were cigar shaped and 6 inches long. They 
were coloured grey with charcoal sprayed with a fixing agent. The 
background against which the birds viewed the models consisted of 
paper of the same shade of grey. I found it very difficult to make a 
satisfactory countershaded cylindrical model, and have certainly not 
achieved a result comparable, e¢.g., to the ocellata larva. In nearly all 
experiments I used the same countershaded model, my best effort. 
This entailed the danger that the birds might learn to refuse this model, 
behind which no reward was ever offered, with the aid of accidental 
recognition marks. However, our conclusions, being based on positive 
reactions to this model, could not be invalidated by such conditioning. 
Of all other models, we used several different copies in random succes- 
sion. The order in which a given type of model was offered on the left 
or right was also randomised. The same type was never given on the 
same side for more than four times in succession. 

The food boxes were so small as to be entirely hidden behind the 
models, and so high that the Jay had to stretch a little to see the reward, 
if any. The reward (a mealwrom) was therefore invisible to the Jay 
until the bird had come up to the box, except in the rare cases when it 
flew high up and looked into the box from a distance. A bird was said 
to have made a choice only when it had actually looked into one of 
the food trays. The mealworms were killed in order to prevent them 
from making audible movements. The birds were never punished for 
‘‘wrong”’ choices. They could see all movements of the experimenter 


COUNTERSHADINGIN CATERPILLARS 329 


during the preparation of the test. Therefore, I was very careful to 
keep the reward hidden from them, and to make exactly the same 
movements over both food trays, whether or not a reward was put in. 

I soon found that the clearest results would be obtained if the Jays 


Fig. 7. Ground-plan of the set up of the discrimination tests. 
A: living-cage; B: trapdoor: C: passage; D: gateway; E: passage divided by screen; 
F: model with food box; G: grey background. Scale 1:45. 


were compelled to make their choice at a considerable distance from 
the models. Fig. 7 gives the groundplan of the set up devised for this 
purpose. From one of the living-cages the bird could be admitted 
through a trapdoor B into C. The gateway D was so low that the bird 
could not fly into E. E itself was divided into two passages by means of 
a screen. All walls and screens were made of wire netting. Perches were 
provided in C, but not in E. 

The experiments were made in a darkened room, the source of light 
consisting of a fluorescent tube at a height of 80 inches above the food 
boxes, and a 200 W bulb at the same height over the spot marked P 
in fig. 7. Both lamps were screened with transparent paper. The 
countershading of the graded model was especially adjusted to this 
illumination. 

Two Jays, called Samson and Delilah, were used in these tests. ‘They 
had been taken from the nest about ro months before, and been kept 
in captivity, first in the aviary at Wytham, later in the laboratory. 
Both were in good condition though their plumage had suffered some- 
what from contact with the wire netting. The birds were only used 
when evidently hungry. 

I first trained the birds to expect food behind a flat model, not 
behind a cylindrical one, and therefore to choose the former. ‘This took 
rather a long time. Only after about 60 tests, each bird had reached a 
fairly constant level of performance, at which about 90% of the 
choices were correct. The difference between this learning and the 
flashlike conditioning sometimes seen in Jays under other circumstances 
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(De Rurrer, 1952a, 1953) is very striking. There were no important 
differences in performance between Samson and Delilah. 

It was still conceivable that, in spite of all precautions, the birds 
were guided in their choice not by the models but by some direct 
perception of the mealworm. Therefore, as soon as the preference for 
flat appeared to be established, I interspersed controls at irregular 
intervals among the conditioning tests. In these controls, the same 
choice was offered, but without reward. The results of the controls 
were not different from those of the conditioning tests: 


conditioning control 
model chosen: model chosen: 
flat round flat round 
Delilah eae 115 25 28 2 
SENSO 4 6 o 73 6 20 I 


After more than 250 conditioning tests, the actual experiments were 
begun. Of course, the conditioning was also continued in the following 
period, and no reward was given in the experiments. 


1. Countershaded versus flat. When given the choice between a flat model 
and a graded cylinder, the birds preferred the flat model just as much 
as in the controls, where the cylinder was non-graded: 


experiments controls 

flat graded flat non-graded 

model cylinder model cylinder 
Delilahia ae 9 I 12 I 
Samson. .. . 10 ) ae) 2 
otal 0. cme. 19 I 22 3 


Neither the numerical result, nor observations on the time it took the 
Jays to decide in the two cases, or on other aspects of their behaviour 
gave the least suggestion that they might confuse flat model and graded 
cylinder with each other. For fear of negative conditioning against the 
countershaded model I soon abandoned these tests in favour of another 
series. 


2. Countershaded cylinder versus non-graded cylinder. 


The ratio of “‘graded” to ‘“‘non-graded”’ choices in these tests is not 
significantly different from that of ‘flat? choices to “‘round”’ choices in 
the controls. This suggests that indeed countershaded cylinder and 
flat model were to some extent similar to our birds. Yet there was one 
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experiments controls 
graded non-graded no flat non-graded no 
cylinder cylinder choice model cylinder choice 
Welilalay. se es. Ss 10 I 4 15 I Oo 
Sens 5 o 6 6 < 8 2 12 23 2 O 
gota a owe pes Sa: 18 3 16 38 3 


striking difference between experiments and controls in this series. In 
the experiments, the bird often did not look in the food trays at all 
(“no choice”). Of course, this was due to the birds’ becoming negatively 
conditioned to the countershaded model as well. It is interesting that 
even in these cases a slight preference for the graded model above the 
non-graded cylinder was noticeable. Even when no choice was made 
the bird often entered one or both of the passages of E for some distance. 
Now as a rule, it came closer to the countershaded model than to the 
non-graded cylinder: 


nearer to 


graded non-graded distances 

cylinder cylinder equal 
Delilah. 2 I I 
Samson. 9 I 2 
Total Il 2 3 


The fact that the Jays preferred the graded model in this series of 
experiments is not in itself a sufficient basis for the conclusion that 
they found this deceptively similar to the flat model. It might be 
argued that the birds were mer: ly conditioned to avoid the non-graded 
cylinder, but that they would accept any other model. However, this 
objection can be met. In the first place, if the birds would react to only 
one model, instead of basing their choices on a comparison between the 
pair offered, it seems more likely, in view of the fact that wrong choices 
were never punished, that they would react to the positive rather 
than to the negative model. Secondly, we have just seen that the birds, 
far from accepting any model except the non-graded cylinder, dis- 
criminated strongly between flat model and countershaded cylinder. 
Finally, the third and fourth series of tests discussed below show that 
the criticism does not apply in a very closely related case. 

Therefore, the best interpretation of the resul’s of this series seems 
to be that the birds preferred the graded model to the non-graded 
cylinder because the former was more similar to a flat model, though 
not sufficiently so to confuse the birds when given the choice between 
flat and countershaded-round. 
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The number of choices in each of the above series was small, and 
further extension of the experiments seemed desirable. However, the 
signs of negative conditioning to the countershaded model were too 
unmistakable to be disregarded. Therefore, I made two further series 
of tests with another type of model. 


3. plain flat (positive) versus shaded flat. In this series both models were 
flat, but one was shaded with charcoal so that, to the human eye, it 
looked as round as the non-graded cylinder. It was remarkably more 
easy to shade a flat model than to countershade a cylinder. Therefore, 
I made several copies of the shaded flat model, which were used in 
random order so as to avoid conditioning to accidental characters. 


experiments controls 
plain shaded no flat non-graded no 
flat flat choice model cylinder choice 
1D elilainvae a ae 10 I te) 10 oO fe) 
Semel, Goo ao = 10 (e) () 10 oO fe) 
Ho tall iene aoe ee 20 I fo) 20 


4. Shaded flat (positive) versus plain flat. In this series, I had first recondi- 
tioned the birds, so that they now preferred the round instead of the 
flat model. This took about 80 conditioning tests. Once this conditioning 
had been sufficiently established, I began to intersperse controls and 
experiments, both, as usual, without reward. The birds were again 
given the choice between a flat model and a shaded flat one in these 
experiments. 


experiments controls 
shaded plain no non-graded flat no 
flat flat choice cylinder model ' choice 
Deltas seen. 6 0) 2 8 fo) fe) 
Samson. dee 8 fe) (e) 8 fe) fe) 
Total... ee hee 14 0 2 16 


In combination, these results do not seem open to any other interpreta- 
tion than that to our Jays the shaded flat imitations of cylinders were 
deceptively similar to the really three-dimensional object. After the 
completion of these tests, I found that BENNER (1938) and SzyMANsK1 
(1920) had obtained similar results in studies on space perception in 
the domestic fowl. 


Undoubtedly shade is but one of the clues used by Vertebrates in 
the perception of solidity (WALLS, 1942). Nevertheless, the evidence 
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presented in this chapter indicates that Jays can be to some extent 
misled as to the shape of an object by its shading. Therefore, counter- 
shading must have protective value to any of their preys that in its 
general coloration resembles some inedible flat object, common in the 
prey’s natural environment, e.g., to a caterpillar having the same colour 
as the surrounding leaves. 

A more general problem is, whether, apart from camouflage, three- 
dimensionality is one of the characters determining the releasing value 
of a prey for feeding in its predators. No data seem to be available on 
this point. However, interesting observations in a related field show 
that escape reactions in birds can be released with flat predator models 
only if these models are shaded (Harriey, 1950; Nice and TER 
PELKWYK, 1941). In view of this, it seems possible that solidity will be 
found to add to the releasing value of a prey. In that case counter- 
shading will even protect preys that differ in colour from their en- 
vironment from all enemies that judge roundness by shade. 


V. THE APPLICABILITY OF CAGE EXPERIMENTS 
ON THE VALUE OF CAMOUFLAGE 


Experiments on the survival value of camouflage take a great deal of 
time. Therefore, it is important that they be so designed that the 
maximum possible information can be extracted from the data 
obtained. We have seen that the form in which the results of such 
experiments are usually given is unsatisfactory from a quantitative 
point of view (p. 324). We shall now discuss another measure which 
may have more promising applications to some ecological and etho- 
logical problems. 

The main problem of ecology is to account for changes in population 
numbers, and, in the case of polymorphic populations, for changes in 
the relative frequencies of the constituent types. The latter problem is 
especially important from the evolutionary point of view, such changes 
in relative frequencies being a basic process of evolution. Although 
few cases have been sufficiently analysed, there can be no doubt that 
changes in the composition of polymorphic populations wil always be 
the resultant of many environmental influences. This complex can only 
be unravelled by investigating the effect of each influence separately. 
This involves great problems, as evidenced e.g. by the work of FisHer, 
Forp and SHEPPARD (SHEPPARD, 1953), and as a rule it will be im- 
possible to make all the required observations in the field. It may 
therefore be asked how the results of experiments can be related to 
the processes occurring in nature, and we shall now make some remarks 
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on this problem for the special case of the influence of predators on a 
population dimorphic with regard to camouflage. 

In this case, we must determine the share of differential predation 1n 
the causation of shifts in the composition of the population. To simplify 
the discussion let us assume that predation is the only mortality factor 
operating. As a measure of the degree of differential predation in a 
dimorphic population we shall use the ratio E of the percentages of the 
individuals of each type that escape predation from the beginning of 
the generation until after the completion of reproduction. The relation 
of E to the selection coefficient s as used in evolutionary theory 
(HALDANE, 1924; WRIGHT, 1931) is simple. For instance, if the repro- 
ductive potential of individuals of both types is the same, 


ae 
I—s 

It may be noted in passing that the “‘selection index”? used by Dice 
(1947, 1949) to express the results of his experiments on the camou- 
flage of rodents is not identical to our s. In fact, his index is calculated 
only from the numbers of the two types of prey captured, and therefore 
open to the objection raised above (p. 324). 

In order to determine /, we must study all predators acting on the 
population. However, we shall here restrict ourselves to the con- 
sideration of a single individual of one predator species. Let the 
frequencies at which the predator captures preys of types A and B be 
fa and fz, respectively, when the population density of each of these 
preys is unity. Let us further assume that the frequency of captures of 
preys of a given type is proportional to the population density of 
this type. 

We then find for the decrease —dP, over a short time dt in the 
number P, of preys of type A present in the hunting territory of the 
predator 

P. 
AR gma fadae allt 
where 5S is the size of the territory. 

Hence, if the number of type A preys present at the start of an 
observation is Py, and the number left after the predator has hunted 
for a time ¢t is Pj, we find by integration 


t if 
Se ae 


pe cm) ete: Ce ee 


where ¢ is the base of natural logarithms (e = 2.718...). If we make / 
equal to the whole time 7 spent hunting by the predator during the 
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life of the generation of preys, so that P; is the number of preys present 
at the beginning of the generation, and P7 that left at the end, we find 
for the prey population in the predator’s territory: 


Te : 
arnt ai 


z a 
ernes= 


Te / 1B 
wo (Sp peel ) 


1 se) 
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In principle, f, and f, can be measured in cage experiments. Of course, 
these experiments should be made under entirely natural circumstances. 
T and S' will have to be determined in the field. 

If we make an experiment with a sufficient number of preys of each 
type, and of sufficient duration, the average values of f; and fy can 
easily be determined from the percentages of survivors of each type by 
means of equation (1). Now in the literature on the value of camou- 
flage, the results are commonly also given in the form of percentages of 
victims among the originally present numbers of preys of the types 
compared. Owing to practical difficulties, however, these data were 
almost never obtained in a single large experiment, but the percentages 
are arrived at by adding together the results of a number of tests, 
which as a rule are too small to be individually significant (e.¢., 
ERGENE, 1951). Of course, these percentages can only be used for the 
calculation of average / values if the duration of the individual tests was 
the same in all cases. Neither in our experiments, nor indeed in almost 
any other investigation has this condition been fulfilled. For that reason, 
I gave our results (chapter m1) only in the form of numbers of victims. 

It must be realised that to base a calculation of average f values on 
equation (1) means to assume that the frequency of captures 1s propor- 
tional to the population density of the preys concerned. This assump- 
tion is unproven. Hence, PopHam’s method of keeping the number of 
preys constant during the experiment (PopHam, 1941), 1s preferable to 
the method so far considered, in which the number of preys decreases. 

A further point of importance is that, if we calculate average / values 
from the total numbers of victims in a large experiment, we lose 
information on the fluctuations in frequencies which is important for 
the statistical evaluation of the results, and in connection, e.g., with 
ethological problems. Hence, the best way to conduct the observa- 
tions is to watch the predator continually, and to note the time at 
which individual captures are made. Of all papers on the subject, 
only one (PopHam, 1941) contains tables from which such information 
can be derived, although its author makes no use of it in the way 
suggested here. 

I want to stress that it is practically impossible that the simple 
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equation (2) derived here will prove applicable without modification 
in a single concrete case. It is based on too many simplifying assump- 
tions. However, each of these assumptions is open to verification. 
Perhaps, the result of this verification may sometimes be such that the 
formula can be modified accordingly. Even when, in a given case, the 
real situation proves too complicated for such mathematical treatment, 
the effort spent on the falsification of the assumptions will not be wasted, 
as each of them is a hypothesis of some ecological interest. In any 
case, from the ecological point of view the best way to express the 
results of experiments on the survival value of camouflage is to give 
data on the frequencies of captures and on the population density of 
the preys in the cage. 


From the ethological point of view, camouflage in a prey is an adapta- 
tion to the releasing mechanism of feeding behaviour in its enemies: 
the prey cannot control the predators’ hunger, but it can try to avoid 
eliciting their feeding activities. Consequently, data on the frequency 
of the feeding responses evoked by preys with varying degrees of 
camouflage may provide useful information on the properties of this 
releasing mechanism. 

These data might shed some light, for instance, on such problems as 
the quantitative rules governing the co-operation of stimuli (‘‘heter- 
ogeneous summation”; TINBERGEN, 1951), the supposed influence 
(PRECHTL, 1953) of internal factors on the selectivity of the releasing 
mechanism, and several others. 

Feeding responses seem to be a particularly suitable subject for work 
in this field because they can be evoked with great frequency in all 
seasons by a very wide range of stimuli. Of course, the frequency of the 
captures of preys of a given type will depend not only on the releasing 
value of that type, but also on the number of preys per unit of space, 
and on the hunger of the predator. We can standardise the population 
density of our preys, but the effect of the predator’s hunger can only be 
eliminated from our data by comparing the frequency of captures of 
the prey studied with that of the captures of simultaneously present 
preys of a standard type. 

Therefore, we must always work with at least two types of prey in 
our experiments. This necessitates a special precaution. If two preys 
of different type are seen simultaneously, they may well influence each 
other’s releasing values. Hence, the density of the preys should be kept 
so low that never more than one is seen at a time. It was shown by 
PopHam (1943) that the density of the preys does indeed influence 
their relative releasing values. His data suggest that at sufficiently low 
densities this influence will no longer exist. 
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A predator will have a chance to detect a given prey only when 
within a certain distance of this prey. This distance will depend on the 
properties of both predator and prey. Therefore, for a given predator 
a prey may be said to be surrounded by a definite danger zone. Of 
course, in our experiments the danger zones of all preys should lie well 
within the space accessible to the predators. If part of the danger zone 
of a prey would be inaccessible, the risk run by this prey would be 
reduced accordingly. The radius of the danger zone can be estimated 
by observations on the behaviour of the predator. For a special case, a 
method to determine this radius was worked out by Larne (1938). In 
most of the published investigations, too little attention has been paid 
to this point. As the larger danger zones of the more conspicuous preys are 
more likely to lie partly outside the experimental space, this may at times 
have resulted in too low relative values for the risk run by these preys. 

Further, in order to get consistent results, we must guard against the 
effects of adaptation (PRECHTL, 1953), and learning processes. For 
instance, all preys should consist of the same material and differ only in 
appearance, so as to exclude conditioned preferences. The test preys 
should not be made the staple diet of the predator, because monotony 
of diet might make them gradually less attractive. 

It wiJl be clear that many obstacles must be surmounted in work of 
this sort. In addition, because of the wide accidental fluctuations in 
frequencies of captures, conclusions can only be based on a large 
material. The choice of predators and preys is therefore very important. 
For instance, it would take a prohibitive amount of time to collect data 
on countershading suitable for the present purpose with the predators 
and preys used by us. 

Nevertheless, in favourable circumstances, results of considerable 
value, from both the ethological and the ecological points of view, 
might be obtained in cage experiments on the value of camouflage. 
The prospects for further work in this field seem promising. 


VI. SUMMARY 


In this paper, evidence is put forward to show that countershading 
(for an explanation of the term, see p. 286) in caterpillars is an adaptati- 
on protecting the larvae from visual predators. 

Our first argument in support of this conclusion is the fact that in 
their natural environment countershaded larvae always turn the dark 
side of their body towards the light, although there is wide variation 
among species in the anatomical substrates of the patterns and in the 
orienting mechanisms (chapter 1). 
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THaver’s hypothesis as to the nature of the advantage conferred by 
graded pigmentation was confirmed by a series of cage experiments 
with Jays (Garrulus glandarius L.) as predators, and several species of 
countershaded caterpillars as preys. The results (chapter mm, table tv) 
show that countershading has considerable protective value against 
this predator. 

Finally, additional support for the hypothesis that countershading 
has a concealing effect was derived from some series of discrimination 
tests on captive Jays in which it was shown that these birds make use 
of shade in the identification of objects (chapter Iv). 

In the concluding chapter some remarks are made on the design of 
cage experiments and the applicability of their results to some ecological 
and ethological problems. 


ZUSAMMENFASSUNG 


Die vorliegende Arbeit bringt Argumente dafiir, dass die Gegenschattie- 
rung (countershading, Begriffserklarung siene S. 286) bei Lepidopteren- 
raupen eine Schutzanpassung gegen optisch reagierende Raubfeinde 
darstellt. 

Drei Tatsachen stiitzen diese Schlussfolgerung: 
(1). Unter natiirlichen Bedingungen drehen gegenschattierte Raupen 
immer ihre dunkle Kérperseite dem Lichte zu, obwohl das morpholo- 
gische Substrat der Gegenschattierung und die. Orientierungs- 
mechanismen im Raum artlich stark differieren. 
(2). In einer Serie von Kafigversuchen boten wir Eichelhahern 
(Garrulus glandarius L.) verschiedene Arten gegenschattierter Raupen 
als Beute an. In Uebereinstimmung mit THAYER’s Hypothese er- 
brachten unsere Versuche den Beweis fiir die betrachtliche Schutz- 
wirkung der Gegenschattierung. 
(3). In einigen Serien simultaner Wahlversuche sahen wir, dass die 
Eichelhaher zum Erkennen von Objekten, Schatten als ein Merkmal 
gebrauchen. 

Einige Bemerkungen iiber die Methodik von Kafigversuchen und 
die Bedeutung der damit gewonnenen Ergebnisse fiir 6kologische und 
ethologische Probleme bringen wir im Schlusskapitel. 
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The processes occurring in the animal body are reflected in the com- 
position of the body fluids. On this principle human medecine has 
based the rather new science of clinical chemistry. The chemical and 
cytological analysis of blood, urine, cerebrospinal fluid, bile and several 
secretions has proved to be of the first importance for a good judgment 
of the nature of pathological processes and conditions. Deviations from 
normal metabolism can easily be detected since the concentrations of 
most chemical substances in the body fluids, in normal circumstances, 
vary within rather narrow limits. This especially applies to concentra- 
tions in the blood, which may be considered to reflect the chemical 
processesin the human body fairly well. Moreover, the blood constitutes 
a very important medium for these processes. It contacts, directly or 
indirectly, all cells of the body and thereby has a very great influence 
on the course of metabolism in these cells. By far the most investigations 
in this field have been performed on the human body fluids, but cer- 
tainly the above considerations hold for the body fluids in other groups 
of the animal kingdom as well. 

The purpose of our investigations has been to obtain an impression of 
the chemical composition of the haemolymph of Periplaneta americana L. 
This insect was chosen because it is used in our laboratory as an ex- 
perimental animal in many of the investigations on the action of in- 
secticides. We did not content ourselves with the determination of the 
average values but attempted as well to obtain information on the in- 
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dividual differences. Moreover, we examined the changes in the chemi- 
cal composition following disturbances of the normal conditions 
brought about experimentally. This was expected to give us some in- 
formation on circulation, tolerance and regulation. 

Several investigators collected data on the chemical composition of 
the haemolymph in insects. These have been summarized Cee by 
Buck (1953) WIGGLEsworTH (1950), Boné (1944), and DucHATEAU, 
FLorRKIN and LECLERCQ (1953). The last authors paid special attention 
to the mineral constituents and to the relation between mineral compo- 
sition of the haemolymph and feeding habits or systematic position of 
the insects. Our work too was mainly concerned with the mineral 
composition since it is a well known fact that in many animals there 
are strong relations between mineral composition and excitability of 
nerves and muscles. To elucidate such relations is of the utmost impor- 
tance for the physiological investigations of insect nerves and muscles 
and indirectly for the research on the insecticidal action of several 
compounds. 


I. EXPERIMENTAL TECHNIQUES 


Animal material. Our determinations and experiments have all been performed on 
the American cockroach, Periplaneta americana L. The experimental animals were ob- 
tained from the Zoological Gardens “‘Artis” at Amsterdam. In our laboratory the 
animals were kept at 29°C. They were fed on a mash, consisting of 10 parts of wheat 
meal, 9 parts of whole milk powder and 1 part of dried yeast, supplemented with 
vitamins A and C, mixed in water. 

Only adults have been used, except in a few cases, where calcium and magnesium 
determinations were made in the haemolymph of last instar nymphs. It should be 
emphasized that the age of the animals on arrival in the laboratory was unknown. 

Injection technique. The roaches were injected by inserting the injection needle be- 
tween the sternites of the 5th and 6th abdominal segments and delivering, by means 
of an “‘Agla” micrometer syringe, an amount of fluid varying from 30 to 100 wl. The 
injection of such an amount of fluid in itself is quite harmless to the insects. 

Haemolymph for analysis was collected in several ways. Sometimes antennae and legs 
were cut off by scissors and the haemolymph appearing on the cut surfaces drawn 
into a capillary pipette. In other cases haemolymph was obtained by puncturing 
with a blunt glass needle the thin exoskeleton where the prothoracic leg joins the 
thorax or by making a little hole at the ventral side of the abdomen between the 
sternites. In all cases nearly or completely clear haemolymph was obtained. The 
amounts which could be collected from a single individual varied from 10 to 50 wl. 

Methods for the determination of sodium, potassium, and chloride. All methods to be describ- 
ed here, have been checked by performing determinations in solutions of known 
composition and in normal human sera. 

Sodium. After dilution with distilled water the haemolymph was deproteinized with 
trichloroacetic acid. To the filtrate was added zinc-uranyl-acetate reagent and etha- 
nol to precipitate the sodium as sodium-zinc-uranyl-acetate. The fluid was centrifug- 
ed, the supernatant liquid discarded and the precipitate washed three times with 
acetone saturated with sodium-zinc-uranyl-acetate. The precipitate was then dissolv- 
ed in hot water and transferred to a small beaker. The amount of sodium-zinc- 
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uranyl-acetate was then titrated electrometrically with sodium hydroxide solution. 
References: WEINBACH (1935); GoRTER and DE GRAAFF (1947). 

Potassium. Determinations were all made with a flame-photometer after precipita- 
tion of proteins by trichloroacetic acid. The smallest amount of haemolymph per- 
mitting reliable measurements of the potassium-concentration was about 100 wl. 
Therefore, in the case of potassium, no determinations could be performed in single 
individuals of the insect. 

Chloride. Two methods were used, which were both quite satisfactory. 

1. The haemolymph was deproteinized by addition of go per cent ethanol. After 
centrifugation the supernatant liquid was transferred to a small flask. After washing 
the precipitate once with go per cent ethanol and adding the washing to the flask, the 
chloride was titrated with silver nitrate using potassium chromate as an indicator. 
This method is essentially that of Mour (ref. Noyons, 1952). 


2. A second method which was used successfully is that described in literature as 
Votoéek’s method. The haemolymph was deproteinized with trichloroacetic acid. 
The chloride in the filtrate was titrated with mercuric nitrate using diphenylcarba- 
zone as an indicator. Ref. GorTER and DE GRAAFF, 1947. 

Methods for the determination of some organic constituents. All methods, which will be 
described here, have been checked by performing determinations in solutions of 
known composition and in normal human sera. 

Total nitrogen and Non-protein nitrogen were determined by a micro Kjeldahl method. 
Total nitrogen (T.N.) was determined by complete destruction of a very small 
amount of haemolymph with sulphuric acid. After addition of sodium hydroxide the 
ammonia was distilled into a solution of boric acid by way of a Parnas-Wagner ap- 
paratus and titrated with 0.02N hydrochloric acid. Non-protein nitrogen (N.P.N.) 
was determined in the same way after precipitation of proteins with trichloroacetic 
acid. (Unless large quantities of haemolymph are available, the determinations of 
N.P.N. are rather inaccurate. The estimation of N.P.N. in single individuals, there- 
fore, is very difficult.) 

Total Reducing Value was determined by the Hagedorn and Jensen method. The 
haemolymph was deproteinized with cadmium hydroxide and oxidized by an alka- 
line potassium ferricyanide solution. The excess of ferricyanide was measured by 
iodometric titration. This Total Reducing Value (T.R.V.) was expressed as glucose, 
but probably it is due only in part to glucose or even to sugars. No seperate determi- 
nations on fermentable and non-fermentable reducing substances have been made. 
References: ARIENS (1950); Fuyrra and IwaTakE (1931). 

Methods for the determination of calcium and magnesium. In a previous paper (VAN 
ASPEREN and VAN Escu, 1954) we gave a very short description of a micro method 
for the determination of calcium and magnesium. As this method has not yet been 
published in more detail, we shall give a detailed description here. The method is 
based on the use of a chelating agent as introduced by ScHwARZENBACH et al. (1946) 
for the determination of several metals. The chelating agent, ethylenediamine tetra- 
acetate (EDTA), has been proved to be very useful for the direct titration of calcium 
and magnesium, especially in the determination of water hardness and in clinical 
investigations of blood plasma. As, in our case, only very small amounts of fluid were 
available, we used a well known Linderstrom-Lang microtitration technique (ref. 
Guick, 1949). 

Procedure. A small amount of haemolymph obtained from the roach as described 
above and varying from 5 to 20 ul, was drawn into a small glass pipette by capillary 
forces. The fluid was then blown out into a small titration vessel (capacity ca 500 pl) 
weighed and diluted with approximately 100 wl of distilled water. 

In the case of the calcium titration ca 10 wl 4 N sodium hydroxide and ca 5 ul 
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0.4 per cent murexide solution were added immediately before the titration which 
was carried out with 0.004 N ethylenediamine tetraacetate solution (brought to 
pH 10.8 with sodium hydroxide) from a Linderstrom-Lang microburette. 

In the case of the magnesium titration ca 60 yl 0.1 N sodium hydroxide, ca 25 pl 
M ammoniumchloride-ammoniumhydroxide buffer solution and ca 5 wl 1 per cent 
eriochrome black T solution were added immediately before titration, which was 
performed as above. 

The EDTA titration fluid was prepared according to Hotrz (1951) by dissolving 
1.488 gm of di-sodium ethylene diamine tetraacetic acid-dihydrate in distilled water. 
The solution was titrated with N sodium hydroxide to pH 10.8 and then made to 
1 liter with distilled water. It is stable. 

The murexide solution was prepared by dissolving ca 40 mg of murexide in 10 ml 
of distilled water. Since this material is unstable, the solution should be freshly pre- 
pared every few days. 

The eriochrome black T solution was prepared as described by BuckLEy, Gipson, 
and Borrotorti (1951). This solution is stable for many weeks if kept in a refrigerator. 

Discussion of the method. At the pH of the titration the calcium-murexide complex 
shows a pink shade, whereas the calcium-free murexide solution is lilac blue. Murex- 
ide, therefore, is used as an indicator for the presence of unchelated calcium. The 
indicator for the presence of magnesium is eriochrome black T which forms a bright 
red complex with magnesium. In the absence of magnesium the dye assumes a blue 
colour. The rather faint yellow colour of the haemolymph did not interfere, except 
in a few cases, where dark brown pigments had developed after preservation of the 
haemolymph for more than one day. 

The affinity of EDTA for calcium is much greater than for magnesium. The end 
point of the murexide titration, therefore, indicates that all the calcium has been 
chelated, whereas in the eriochrome black titration the colour shift occurs only when 
both the calcium and magnesium have been chelated. The difference between the 
amounts of EDTA used in both titrations can thus be used for the calculation of the 
magnesium content. 

Calculations are very simple since one mole of EDTA chelates one mole of divalent 
cation. As, according to BucKLEy, Grisson, and BorToLotmTi (1951), a period up to 
45 seconds between drops of EDTA is required for the colour to become stabilized, 
the end point of the titration should be approached very slowly. 

Reliability of the method. Several experiments were performed to test the reliability 
of the method. 


1. Micro-determinations of calcium and magnesium, according to the above 
description, were carried out on solutions, containing varying amounts of calcium 
chloride and magnesium sulphate and on human sera, to which varying amounts of 
magnesium sulphate had been added. The results were compared with those obtained 
with macro-methods. From Table 1 it may be concluded that there is a good agree- 
ment of the data obtained by calculation, macro-determination and micro-deter- 
mination. . 

According to Table 1 the standard deviations calculated for most series of parallel 
determinations are rather small and generally do not exceed 5 per cent of the average 


value. 

2, Haemolymph was collected from several cockroaches and determinations were 
made in samples of this pooled haemolymph. This procedure was repeated several 
times and the standard deviations of all series of parallel determinations were calcu- 
lated. Each series consisted of 2-8 determinations. For eight series of the micro-cal- 
cium titration the standard deviations averaged 5 per cent of the mean (18.6 mg 
calcium per 100 gm of haemolymph). For nine series of the micro magnesium titra- 
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TABLE 1 Determination of calcium and magnesium in solutions and human sera 


Results, all expressed as M + S.D.?, in milligrammes/too gram. 


Determi- 
s ae 
nation of a Macro-EDTA-titr. Micro-EDTA-titr. Macro-oxalate prec. 
CaCl,-solution Ga == 9.2 £0115) 19-4 016 is) Oat ee Onin) 
Human serum Ca -— 10:5-0.0() 10.3-0.1(5) 10.6 = o.1(2) 


CaCl, + MgSO,-solution 70 18.4 19.6 (1) 19.0+1.8(5) = 


30.0 30.2 (1) 31-72 1:2(5) = 
: Ca 18.4 — 17.6 + 0.7 (3) — . 
CaC!, + MgSO,-solution Mg 15.0 = on oa ae 
Human serum + MgSO, Me 568? oe 2 ey - 
MeSO,-solution Mg 30.0 30.1 +0.1(2) 31.6 +1.7(8) — i 


Humanserum + MgSO, Mg _ 17.4? 16.2 +0.1(2) 17.9 +0.8(5) == 


Humanserum + MgSO, Mg _ 17.7? = 16.3 + 0.8 (3) — 


In brackets: number of determinations 


1M = Mean value; S.D. = Standard Deviation = \ ae 
n—1I 
2 Calculated assuming that the Mg-content of the plasma 1s 3 mg/1oo gram. 


tion the standard deviations averaged 14 per cent of the mean (13.8 mg magnesium 
per 100 gm of haemolymph). This last value is rather high, for which two reasons 
may be produced: a. Magnesium concentrations are calculated from the difference 
between two titration values and therefore are liable to greater errors than the calcium 
concentration which can be titrated directly. b. Usually after the haemolymph has 
been collected some coagulation of cells and proteins occurs. By collecting most of 
the coagulate in one sample we were able to show that the magnesium content of the 
coagulate is distinctly higher than that of the clear serum. The calcium concentra- 
tions of coagulate and serum were not significantly different. 

3. Duplicate determinations of calcium and magnesium were made by taking two 
samples of haemolymph successively from the same insect. This was repeated several 
times. On average the duplicate values differed by 9 per cent for the calcium and 
12 per cent for the magnesium determinations. 

4. Haemolymph was collected and micro- and macro-EDTA-titrations were car- 
ried out. There was a very good agreement of the results, the differences amounting 
to only a few per cent. 

5. In two experiments 116 per cent and 89 per cent of magnesium sulphate added 
to samples of pooled haemolymph were recovered. Taking into account that each 
experiment includes several manipulations with small amounts of fluid, these results 
are reasonable. 

From the results of the experiments described above, the conclusion can be drawn 
that the titration in itself is reasonably accurate. The greatest errors are sniceduced 
by the manifold handling of the haemolymph. This, therefore, should be reduced as 

‘ar as possible. 


HAEMOLYMPH IN PERIPLANETA 347 


The calcium concentration being fairly constant, we felt ourselves justified, at least 
in a number of determinations, in omitting the murexide titration and in calculating 
magnesium concentrations by subtracting the average titration value for calcium 
from the value obtained with the eriochrome black titration. This of course intro- 
duces an error, but, since the number of manipulations is decreased, the accuracy of 
the titration is enhanced. 


Il. THE CHEMICAL COMPOSITION OF THE HAEMOLYMPH 


The methods described in the preceding section have all been adapted 
to the small amounts of haemolymph which could be obtained from 
individual insects. By performing rather large numbers of determina- 
tions in single individuals we have been able to obtain data on the in- 
dividual variation as well as on the average values. Table II shows the 
data obtained for sodium, potassium, chloride, calcium, magnesium, 
total-nitrogen, non-protein nitrogen, and total reducing value. The 
data for non-protein nitrogen, although giving a good impression of the 
average concentration are rather inaccurate with regard to the indi- 
vidual variability as expressed by the standard deviation. Apart from 
many determinations in single individuals several determinations have 
been made in pooled haemolymph, which are also presented in Table m1. 

Discussion. If we compare our results with those found in literature, 
we note a very good agreement in the data for sodium, chloride, and 
calcium, but large differences in the data for potassium, magnesium, 
and T.R.V. Differences may be due to several factors, such as differen- 
ces in the previous history of the insects, environment, feeding condi- 
tions, race etc. Whether our data agree with those of literature, in our 
view therefore, could largely be a matter of chance. This is supported 
by a number of observations made after the data of the table had been 
collected. Thus the T.R.V., a year after the data of the table had been 
obtained, averaged about 500 mg per 100 gm of haemolymph, which 
is more than three times as much as quoted in the table (range 210— 
740). The total nitrogen, one year later, on an average proved to be 
considerably lower than according to Table mu. The mean amounted to 
about 700 mg per 100 gm of haemolymph with very large individual 
differences. We are not, therefore, inclined to attach too much impor- 
tance to the mean values obtained in our investigations and to those 
found in literature. Differences may be caused by the diet. Topras 
(1948) proved, that by giving a leaf diet (lettuce) during 12-18 days 
preceding the chemical analysis of the haemolymph, the potassium 
concentration of the serum was increased with more than 50 per cent. 
Oral administration of concentrated potassium chloride solutions re- 
sulted in a more than 100 per cent increase of the potassium value. We 
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TABLE 11 Chemical composition of the haemolymph of Periplaneta americana 


Concentrations all expressed in milligrammes per 100 gram of haemolymph 


Number ; 
Sex of deter- Method* Mean + S.D. Range Literature 
minations 
male 47 single 378 +59 247-500 
Sodium female 45 single 332 +63 220-528 350! 
male+ female 18 pooled 370+55 264-540 
Potassium male+ female 32 pooled gi+5 25-50 1001 
; male 44 single 507 +43 423-660 
Chloride female 49 single 518+45 437-639 5043 
male+ female 19 pooled 512+32 454-588 
: male 43 single 7 17-422 0-7) 1425-21-60 
female 31 single 18.1 +2.3 12.0-25.1 
Calcium unknown 33 single 18.0+1.6 15.2-21.2 } 17+93? 
nymphs 2 single 17.4 
male+ female 54 pooled 16.14+2.1 12.2-23.6 
male 40 single 13.3+3.5  7.0-22.8 71 
Magnesium female 43 single 13.7+2.4 10.8-22.6 44 
nymphs 4 single 12.5 pee 
male 49 single 1041 +242 647-1664 
Total-Nitrogen female 43 single 1054 +230 683-1760 
male+ female 11 pooled g90+250 670-1528 
Non-protein female 16 single 2294+82 140-483 
Nitrogen** male+ female 11 pooled 227+52 126-300 
Total Reducing male 34 single 148 + 42 80-276 654 
Value** + female 36 single 141 + 32 87-215 


* Single means that each determination was performed on the haemolymph of one 
individual insect. 


Pocied means that each determination was performed on a sample of haemolymph 
collected from several insects. 


+ Data for Total Reducing Value expressed as mg glucose per 100 gm of haemolymph. 
** In a later series of experiments strongly deviating results have been obtained; see 
Discussion below. 


References: } Tosras (1948); ? CLARK and Craic (1953); ? Munson and YEAGER 
(1949); ‘ YEAGER and Fay (1935). 


do not know the potassium concentration of the diet given in our labo- 
ratory and very little is known about the diet of the insects in the 
Zoological Gardens at Amsterdam. Therefore, the possibility of the diet 
being a cause of differences cannot be excluded. Nevertheless we feel 
that the differences between our values for potassium and those given 
by Tostas probably are too large to be explained by dietal factors 
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only. Asa result of the very low potassium values the sodium/potassium 
ratio in the whole haemolymph of our insects was about 20. This 
very high value, according to Boné (1944), is characteristic of carni- 
vorous and aquatic insects. For a pantophagous insect like Periplaneta 
americana a much lower ratio would be expected. According to 
DucHAreau, Frorxin, and LecLercg (1953) high values of the sodium/ 
potassium ratio, as occurring in many groups of animals, are mostly 
found in the primitive groups of insects, whereas low sodium/potassium 
ratios are to be considered as biochemical specializations. 

Diet could have played an important part in the great variation of 
our ‘T’.N.-values too. We observed a tendency of the T.N.-concentra- 
tions to increase if the insects were kept in our laboratory for a longer 
period of time. This, perhaps, may be the result of the rather large 
amounts of protein-rich food ingested. 

The large differences between the T.R.V. given by YEAGER and 
Fay (1935), the data of Table n, and those found in our later investiga- 
tions (respectively 65, 145 and 500 mg glucose per 100 gm of haemo- 
lymph) are likely to be caused by differences in diet and life conditions 
though we have no definite proof of it. 

With regard to the magnesium concentrations our data differ greatly 
from those given by Tostas (1948), which are much lower, and from 
those given by CLark and Craic (1953), which are considerably 
higher. In a former paper (VAN ASPEREN and VAN EscH, 1954) we ex- 
pressed our view that the dry-ashing of the haemolymph, as used by 
both authors, may lead to erroneous results because by this procedure 
organic phosphorus is converted to inorganic phosphates which may 
interfere. However, in the light of the large differences found for potas- 
sium and some organic constituents with similar methods, we cannot 
exclude the possibility that differences in the animal material have 
played a part. 

The values for calcium and chloride in our investigations show rela- 
tively small variations as expressed by the rather small standard devia- 
tions and moreover they agree quite well with those found in literature. 

In a preceding paper (VAN ASPEREN and VAN Escu, 1954) calcium 
and magnesium concentrations were also given for two other species of 
Blattaria (Periplaneta australasiae and Blabera fusca). From these data it 
could be concluded that the interspecific differences are rather small 
and that the calcium/magnesium ratio is about the same in all three 
species. If both calcium and magnesium concentrations are expressed 
in molarities, this ratio is 0.79 in Periplaneta americana, whereas CLARK 
and Craic (1953) found a ratio of only 0.37. This, once more, is a 
warning against drawing far reaching conclusions from such rather 
uncertain data. In correlating the ionic composition of the body fluids 


350 K. VAN ASPEREN AND IDA VAN ESCH 


with feeding habits, systematic position etc. much more attention 
should be paid to variations resulting from several causes. 

From Table mu it may be concluded, that in general the individual 
variability is much less for the mineral than for the organic constituents 
and especially inthe case of calcium and chloride the individual differ- 
ences are small. This might perhaps indicate the importance of rather 
fixed relations and stable conditions with regard to the mineral compo- 
sition of the haemolymph. In the third section of this paper we shall 
deal with this problem in more detail. The differences between the 
concentrations found in the two sexes do not appear to be significant. 

The ion balance shows a great resemblance to that in human plasma. 
The total cation titre of 183 milliequivalents (sodium 157, potassium 8, 
calcium 8, magnesium 10) is 79 per cent balanced by 144 anionic mil- 
liequivalents chloride. According to GLaAsER (1925) the pH of the 
haemolymph of Periplaneta americana is 7.5-8.0. The total protein con- 
tent of the haemolymph being rather high, proteinates are very likely 
at this pH to make a major contribution to the residual 39 negative 
milliequivalents. Bicarbonates and phosphates probably do not play an 
important part in the cation-anion balance. 

Binding of cations to proteins should be taken into consideration. 
Sodium and potassium have both been determined after deproteiniza- 
tion of the haemolymph, as is usual in human clinical chemistry. As, 
however, rather high concentrations of trichloroacetic acid were used 
it is very unlikely that protein bound fractions of these minerals could 
have been eliminated in this way. The data obtained for all cations, in 
our view, represent the total concentrations in the haemolymph of the 
Insects. 

The fact should be emphasized, that we did not distinguish between 
whole haemolymph and haemolymph serum as was done by ‘Tosias 
(1948). The haemolymph always proved to be an almost or completely 
clear fluid. Some coagulation occurred on standing. This was most prob- 
ably a clotting of proteins and haemocytes, but the volume of the clot 
was very small. Haemocyte counts in 32 females and 28 males averaged 
67,000 + 18,000! and 67,000 + 16,0001 per pl respectively. From 
these data the conclusion can be drawn that the total cell volume of the 
haemolymph is very small. Therefore, only small differences between 
whole haemolymph and serum can be expected. In our view the differ- 
pe up to 40 per cent as found by Tostas (1948) are quite inexpli- 
cable. 


1 Standard deviation syle d? 


1G al § 
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Ill. TOLERANCE AND REGULATION 


In the preceding section we have dealt with the normal chemical com- 
position of the haemolymph. Special attention has been paid to the 
individual variability of some organic and the most important mineral 
constituents. The rather small individual differences with regard to the 
mineral constituents, especially calcium and chloride, led us to suggest 
that it is important for the animals to maintain more or less fixed rela- 
tions and conditions. It will be the purpose of this section to describe a 
number of experiments, in which these relations and conditions were 
disturbed in order to get a better insight into the potentialities of toler- 
ance and regulation. The disturbance of normal conditions was 
achieved by injecting varying amounts of distilled water, simple salt 
solutions or “‘physiological” salt solutions of varying composition. In a 
number of cases insecticidal emulsions were injected to bring the in- 
sects into very abnormal physiological conditions. 

Experiments were all performed in the following way. The insects 
were divided into a number of groups, each group consisting of from 
6 to 40 animals. The insects of one of these groups were not injected and 
served as controls. The others were all injected with the same amount 
of injection fluid. After a certain interval of time haemolymph for anal- 
ysis was collected from one of the groups and this was repeated with the 
other groups at later times. Haemolymph was taken only once from 
each insect. 


I. INJECTION OF DISTILLED WATER AND INSECT RINGER 
SOLUTION; DETERMINATION OF SODIUM, CHLORIDE, 
TOTAL NITROGEN, AND NON-PROTEIN NITROGEN 


The Insect Ringer solution used was composed of 9.32 gm NaCl, 0.77 
gm KCl, 0.50 gm CaCl,, 0.18 gm NaHCQOs, 0.01 gm NaH,PO,, and 
distilled water to 1 liter. The composition of this Ringer solution and 
that of haemolymph are compared in Table m. 


TABLE III 
The composition of Insect Ringer solution and haemolymph of Periplaneta americana 


Element Insect-Ringer-Solution Haemolymph 
Sodium 162 millimol./liter = 372 mg/1oo ml. —- 360 mg/roo ml. 
Potassium 10.3 millimol./liter = 40 mg/roo ml. 30 mg/roo ml. 
Cit 4.5 millimol./liter = 18 mg/roo ml. 17 mg/t1oo ml. 
Magnesium 13 mg/roo ml. 


Chloride 178 millimol./liter = 632 mg/10oo ml. = 512 mg/100 ml. 
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In this series of experiments 77 p41 of distilled water or Insect Ringer 
solution was injected and haemolymph was collected from legs and 
antennae after varying intervals of time. The results are presented in 
Table 1v, where the concentrations are expressed as percentages of the 
values found for the haemolymph of control groups. 


TABLE Iv Injection of distilled water and Ringer solution 


Concentrations all expressed as percent of the controls 


Distilled water Ringer-solution 

Injected 77 wl. Interval of time? Interval of time? 
0-10 min. 60 min. 150 min. 0-10 min. 60 min. 150 min. 
Sodium 82 (2) 98(3) 97 (1) 92 (2) t00(1) 107 (1) 
Chloride gi (2) 89 (2) rr5 (7) 95 (2) t10 (2) roo (1) 
Total-Nitrogen 74, (1) 100 (2) 7A) 681(2)) = OTe stone) 
Non-protein Nitrogen Crome) — GBR I(3)“sKorss (av) 77 (2) sOON(2))  wodn(in) 


In brackets the number of observations from which the mean values given in the 
table are calculated. 


1“Tnterval of time’ is the interval between the injection and the collection of the 
haemolymph. 


No abnormalities in the behaviour of the insects were observed after 
injection of these fluids. 

Discussion. For the interpretation of these results a good knowledge 
of bloodvolume, circulation time and time necessary for complete 
mixing of injected fluid and haemolymph is very important. According 
to YEAGER and Munson (1950) the blood volume of adult Periplaneta 
americana is about 20 per cent, whereas WIGGLESWORTH (1950) gives a 
value of only 6 per cent. For several reasons we prefer the first value. It 
should, however, be kept in mind that probably large differences may 
occur. We attempted to determine the blood volume by injecting 
Evans’ blue solution, but very irregular results were obtained. This was 
most probably due to adsorption of the dye by the tissues. The mean 
weight of the cockroaches in our investigations was about 1 gm, so the 
blood volume may be approximately 200 wl. 

If no regulation took place, the injection of 77 ul of distilled water 
would result in a decrease in concentration to about 75 per cent after 
complete mixing. The same decrease may be expected for Total Nitro- 
gen and Non-protein Nitrogen after injection of 77 nl of Ringer solu- 
tion. Such a dilution is indicated only in the case of Total Nitrogen and 
immediately after injection for sodium and Non-protein Nitrogen. ‘The 
results suggest strongly the occurrence of regulation processes in the 
first hours after injection in the case of sodium, chloride and Non- 
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protein Nitrogen. This regulation is not achieved by removal of water 
from the haemolymph as in this case Total Nitrogen values would also 
be restored. As we did not feel these results to be conclusive, further 
experiments were performed. 


2. INJECTION OF ABNORMAL INSECT-RINGER SOLUTIONS, 
DETERMINATION OF SODIUM AND CHLORIDE 


Only a small number of experiments of this kind was performed. In all 
cases 77 ul was injected and haemolymph collected after one hour from 
legs and antennae. Injection of Ringer solutions, in which KCI or 
CaCl, had been substituted by an equivalent amount of NaCl did not 
affect the sodium and chloride concentrations. If NaCl was replaced 
by an equivalent amount of KCl, the sodium concentration was lower- 
ed to 73 per cent, whereas Cl was unaffected. Injection of a Ringer so- 
lution, to which 1.28 per cent KCl had been added, brought about only 
a small increase of chloride concentration. The sodium concentration 
in one case was unaffected and in another case it was considerably 
increased. 

The injection of Ringer solutions with very high potassium concen- 
trations (670 and 710 mg/100 ml), as described above, generally result- 
ed in paralysis. Movements in the insects became very slow and most 
animals were lying on their backs for a long time. After 5 to 6 hours 
recovery started. After a lapse of 24 hours 3 out of 10 insects were dead, 
the remaining 7 were quite normal. No abnormalities were observed 
after the injection of potassium free or calcium free Ringer solutions. 


3. INJECTION OF DISTILLED WATER AND 
CONCENTRATED CALCIUM CHLORIDE SOLUTIONS; 
DETERMINATION OF CALCIUM 


Haemolymph was collected from several parts of the insects as describ- 
ed before. 

The concentration of calcium in the thoracal haemolymph was only 
slightly affected by the injection of 80 wl of distilled water. If, however, 
the haemolymph was collected from the abdomen, an initial decrease 
of the concentrations to about 55 per cent was observed 7 to 30 min. 
after the injection. After 60 min. and 145 min. respectively 79 per cent 
and 83 per cent of the normal concentration was found. 

A large number of experiments were performed, in which 30 pl of a 
concentrated calcium chloride solution, containing 219 mg calcium per 
100 ml (54.8 mMol), was injected. Haemolymph was collected from 
the abdomen or from thorax, legs and antennae. Fig. 1 shows the 
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results. All plots in this figure are mean values calculated from 3-12 
determinations. The Standard Deviations for the individual observa- 
tions made for each plot averaged 23 per cent of the plotted mean 
value. The Standard Errors of the plotted mean values ranged from 
4 to I5 per cent, averaging g per cent. 

Discussion. Assuming as we did that the total volume of haemolymph 
is 200 yl, the concentration resulting from the injection of 30 pl of this 
calcium chloride solution would be about 44 mg per 100 ml. This value 
would be reached after complete mixing of haemolymph and injected 
fluid, provided that no regulation took place (we may call this the 


Calcium-concentration 
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minutes after injection 
Fig. 1. Calcium concentration after injection of 30 yl of calcium chloride solution 
containing 219 mg calcium per 100 ml. 
©— © haemolymph collected from abdomen 
O———© haemolymph collected from thorax, legs and antennae. 


simple maxing level). From the graphs of fig. 1 it can easily be seen that 
complete mixing occurs only after about one hour. At that time a cal- 
cium concentration of about 27 mg per 100 ml is reached. This means 
either that calcium has shifted from the haemolymph to the tissues or 
that a calcium free solution or water has been transferred from the 
tissues to the haemolymph. In either case some kind of regulatory 
process has to be present. 

In order to find out whether or not the haemolymph could have been 
diluted by watertransport from the tissues, chloride and Total Nitrogen 
determinations were made in the haemolymph at several times after 
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injection of the calcium chloride solution. The chloride and T.N.- 
values found 60 and 150 minutes after the injection were only slightly 
lower than those of the controls (chloride 96 + 7 per cent; T.N. 96 4 
17 percent). Most probably, therefore, regulation is achieved by remo- 
val of calcium from the haemolymph. We are quite ignorant as to 
where and how this calcium regulation is brought about. 

Most remarkably the calcium concentration in the thoracal haemo- 
lymph is increased to about 27 mg per 100 ml immediately after the 
injection and this level is maintained during the whole regulatory 
period. The interpretation of these results is very difficult because very 
little is known about the circulation and distribution of haemolymph in 
the body. We did some experiments, in which dyes (filtered solutions of 
Indian ink or Evans’ blue) were injected into the abdomen. They were 
seen to spread within a minute through the whole body, but measure- 
ment of the colour intensity revealed that there was no uniform distri- 
bution, even after a long period of time. 

Similar circulatory factors may affect the results obtained after in- 
jection of distilled water or salt solutions and could give an explanation 
of many of the data obtained in our experiments. It might be suggested 
that the rapid spread of salts or dyes in the first minute or even the first 
seconds after the injection is caused by an increase of pressure in the 
abdomen as a consequence of the injection. 


4. INJECTION OF DISTILLED WATER AND CONCENTRATED 
MAGNESIUM SULPHATE SOLUTIONS; 
DETERMINATION OF MAGNESIUM 


Two experiments have been made, in which 80 pl of distilled water was 
injected and haemolymph was collected from the abdomen. The results 
were somewhat irregular, but there was an indication that the very low 
concentration (6.5 mg/100 ml), observed after about 7 min. is increased 
during the following 30-60 minutes, without, however, reaching the 
normal level. 

In several experiments the insects were injected with 30 yl of a 
magnesium sulphate solution containing 300 mg magnesium per 100 
ml (125 mMol). Magnesium determinations were performed on the 
samples of haemolymph taken from the abdomen after varying periods 
of time. The results can be found in Fig. 2. 

Discussion. The magnesium concentration resulting from simple 
mixing of the haemolymph (volume taken as 200 jl) and injected fluid, 
can easily be calculated. This value (‘‘simple mixing level’) is about 
50 mg per 100 ml. The magnesium concentration actually falls below 
this level, but not as rapidly and distinctly as has been found for cal- 
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cium in the preceding experiments. This may be caused by the very 
large amount of magnesium injected. It should be emphasized, how- 
ever, that the animals all behaved quite normally. This, in itself, is very 
surprising, as in many animals, magnesium concentrations as high as 
those found in our experiments have strongly narcotizing effects which 
are antagonized by calcium. LevENBOoK (1949) injected magnesium 
into the haemolymph of adult locusts and found that it rapidly pro- 
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Fig. 2. Magnesium concentration after injection of 30 ul of magnesium sulphate 
solution containing 300 mg magnesium per 100 ml. 


duced a cataleptic condition. The insects recovered after a subsequent 
injection of calcium, which, if injected alone, would have been fatal. 
So, both calcium and magnesium are highly toxic for locusts, but both 
ions together are non toxic by reciprocal antagonism. This certainly is 
not true for Pertplaneta americana. No toxic effects of either calcium or 
magnesium were observed at the concentrations studied or after injec- 
tion of 60 ul of the concentrated solutions, which is twice as much as 
used in the experiments. 


5. INJECTION OF ETHYLENEDIAMINE TETRAACETATE 
SOLUTIONS; DETERMINATION OF 
CALCIUM AND MAGNESIUM 


The object of the injection of distilled water described under 3 and 4 | 
was to lower the calcium and magnesium concentrations in the hae- | 
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Fig. 3. Calcium concentration after injection of ethylenediamine tetraacetate. 


molymph. We showed, however, that even the injection of rather large 
amounts of distilled water (80 pl) could not bring about a decrease 
of more than about 30 per cent. We therefore carried out a number of 
experiments, in which 30 pl of a 67 mMol. ethylenediamine tetraace- 
tate solution was injected. This amount would be sufficient to chelate 
all the calcium and magnesium present in the haemolymph of the in- 
sect, at least if simple mixing occurred. From the results the following 
conclusions could be drawn: 

a. Immediately after the injection, (determinations made after 15 
min.) no free calcium was present in the thoracal or in the abdominal 
haemolymph. 

b. In the following five hours there was a steady increase of the cal- 
cium concentrations, but complete recovery did not occur in this period 
(see fig. 3). After 5 hours approximately 75 per cent of the normal con- 
centration was found. No calcium or magnesium determinations were 
made after more than 5 hours. 

c. The same may apply to magnesium, but here the results did not 
allow of a quantitative interpretation. 

d. The insects were seriously affected by the injection. The symptoms 
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of intoxication (paralysis, slow movements, the animals lying on their 
backs) appear mostly within 15 minutes and last for several hours. 
About 30 per cent of the insects die within 24 hours, the others recover 
completely. 


6. INJECTION OF AND EXPOSURE TO GAMMA 
BENZENEHEXACHLORIDE 


As in our laboratory a study is undertaken of the mode of action of 
gamma benzenehexachloride (gamma BHC), we were especially inte- 
rested in the effects caused by gamma BHC intoxication. Injection of 
large doses of gamma BHC resulting in very severe symptoms, did not 
alter significantly the concentrations of sodium, chloride, total nitrogen 
or non-protein nitrogen. Cockroaches exposed to concentrated depo- 
sits of gamma BHC causing marked symptoms, showed quite normal 
calcium and magnesium values. Moreover, the ability to restore nearly 
normal calcium concentrations after injection of concentrated calcium 
chloride solutions was unimpaired. 


IV. GENERAL DISCUSSION 


In the second section of this paper we stated that the variability of the 
concentrations found for the mineral constituents in the haemolymph 
of Pertplaneta americana was rather small. In the third section we were 
able to show that the insects had a marked ability to restore normal 
concentrations after severe disturbances. Moreover, in most cases the 
insects showed a high tolerance. We should like to stress the possibility 
that this high tolerance could be to some extent a consequence of the 
strong regulating ability. 

Furthermore it is very important to note that (with one exception 
— ethylenediamine tetraacetate) injection of large amounts of fluid into 
the abdomen never caused large changes of the concentrations in the 
thoracal haemolymph. This possibly can be partly explained by the 
slow circulation of haemolymph through the body. The small rate of 
circulation might give the insects an opportunity for regulation before 
the “‘disturbance”’ reaches the thoracal and head parts of the body. 

The results of our experiments on regulation point to a transfer of 
ions rather than to a transfer of water. Removal of ions from the hae- 
molymph might be accomplished by the Malpighian tubes, but no 
experiments were performed to investigate this point. 


V. SUMMARY 


The paper deals with the chemical composition of the haemolymph in 
the insect Pertplaneta americana. 


The first section gives a description of the experimental techniques. 
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Special attention is given to the method for the determination of cal- 
cium in small amounts of haemolymph. Microtitration with ethylene- 
diamine tetraacetate using a well known Linderstrom-Lang technique 
gave very reliable results (see Table 1). The methods for the determina- 
tion of sodium, potassium, chloride, total nitrogen, non-protein nitro- 
gen, and total reducing value are only briefly described, as they are 
principally similar to those used in human clinical chemistry. Descrip- 
tions are also given of the techniques for injection, and for collection of 
haemolymph. 

The second section deals with the composition of normal haemolymph. 
A large number of determinations of Na, Cl, Ca, Mg, T.N., N.P.N., 
and T’.R.V. in individual insects were performed to gain a better in- 
sight in the individual and sexual differences. Moreover a large number 
of determinations in pooled haemolymph were performed. The results 
are summarized in Table nm. 

The values obtained are compared with those found in literature 
and discussed. 

The third section describes several kinds of experiments to test the re- 
gulatory power and the tolerance of the insects. Varying amounts of 
distilled water or salt solutions were injected and concentrations deter- 
mined after different intervals of time. It is shown that the insects are 
able to restore normal concentrations rather rapidly. This especially 
applies to the results obtained after injection of very concentrated solu- 
tions of calcium chloride, magnesium sulphate and ethylenediamine 
tetraacetate (see figs. 1, 2, and 3). The tolerance proved to be very high 
if compared with that in mammals. No abnormalities in the behaviour 
of the insects resulted from the injection of 30 or 60 pl of solutions con- 
taining 200 mg calcium or 300 mg magnesium per 100 ml. The injec- 
tion of large quantities of potassium or ethylenediamine tetraacetate 
sometimes caused paralysis and death. 

By comparing the concentrations found in abdominal haemolymph 
and thoracal haemolymph after intra-abdominal injection of a con- 
centrated calcium chloride solution an estimate of the time necessary 
for complete mixing of the haemolymph could be made. It proved to 
be in the order of 30-60 minutes. 
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In the previous report it was stated that of late years a gradual change 
has been noticeable in our research. In the zoological work emphasis has 
shifted to problems of details and at the same time attention has be- 
come focused more and more on behaviour and physiology. This state 
of things implies that outdoor work, which would yield general results, 
was promoted to a less degree, whereas greater facilities were made 
available for experimental work on various subjects. However, as stu- 
dents often favour outdoor research, this kind of work is continued, 
which is gratifying because it frequently contributes to opening up 
new lines of enquiry. 

The investigation on the spatfall of the mussel (Mytilus edulis), which 
has been in progress for several years, was now taken up by Mr. Rep- 
pincius (Leiden). His observations were a continuation of those made 
by Mr. Bas in 1953, which aimed at estimating the role of transport 
along the tidal flats among small mussels that have passed primary 
settlement. The minute size of the youngest spat requires microscopic 
examination for counting and measuring. This takes so much time that 
a single person is seriously hampered in extending his observations to 
any considerable scale. It would therefore be more efficient to have 
three men engaged upon this work at the same time rather than in suc- 
cession. Nevertheless, our insight into the matter has gradually in- 
creased and we are looking forward to the publication of Mr. REp- 
DINGIUS’ results, together with those obtained by Mr. Bas in 1952 and 
1953, and perhaps with those of others. Mr. Drinkwaarp (Utrecht) 
studied the settling of the mussel in the field as well as in the laboratory. 
Flower-pots were mounted on iron bars to serve as a substratum at dif 
ferent levels in the water. The results were disappointing because of the 
small numbers of individuals that actually attached themselves to the 
pots. 

In the laboratory Mr. DrinkwAarD examined the influence of light 
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on the settling of young mussels. In spite of their preference for illumi- 
nation the animals seem to prefer and settle on dark substrata rather 
than light ones. The results are still in a preliminary stage and the 
work should be continued. 

Some progress was also made in another part of lamellibranch re- 
search, which deals with the difference in behaviour between younger 
and older planktonic larvae of bottomdwelling species. In 1950 Mr. 
Lucas studied the subject and after him Mr. ANTHEUNISSE in 1952. 
Generally, pelagic larvae of benthic animals are kept in the upper water 
layers by their need of light, but when reaching the stage of metamor- 
phosis, they are forced to go down to deeper levels so that their reaction 
to light must become different by this time. THorson, however, put 
forward the supposition that benthic animals of shallow waters main- 
tain the same reaction to light throughout their larval life. An attempt 
was made to test this supposition for the larvae of Lzttorina littorea. The 
work was carried out by Dr. At Kuoty from the Marine Biological 
Laboratory at Ghardaqa (Red Sea, Egypt) during his six months’ stay 
at Den Helder in 1954. Relative frequencies of younger and older larvae 
were evaluated at different depths during slack high water at midnight 
and at noon. Behaviour towards light was found to change during larval 
life in such a way that the need of light becomes stronger in the older 
stages. The results will be published in “‘Archives Néerlandaises de 
Zoologie”’. 

The previous annual report included a discussion of the work of Miss 
BioxzyL (Groning2n), who demonstrated that lamellibranchs will 
produce more pseudofaeces and fewer faeces in waters carrying a 
greater amount of particulate matter. This means that more food is 
rejected in waters with a greater silt content. Mr. KrIsTENSEN, assisted 
by Mr. DRAL, attempted to study the influence of suspended matter on 
the uptake of food in a different way by determining growth in waters 
with different silt content. These experiments formed part of a more 
comprehensive series which was planned to find out to what extent 
growth and mortality in Cardium, Mya, and Mytilus depend on such 
environmental factors as absence of light, quantity of suspended matter, 
and salinity. These experiments have not, however, yielded conclusive 
results as yet. 

In 1954 Miss Herkens (Groningen) finished her item of research ini- 
tiated at Den Helder in 1950. With the assistance of Mr. Dra. she 
determined the quantities of water pumped by mussels at various 
temperatures. Her method depended on the fact, ascertained by 
Tames and Drat, that mussels retain all particles of a size of about 40 p. 
The rate of pumping was calculated from the decrease in concen- 
tration of a suspension of spores of Lycopodium. The data revealed that 
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mussels continue pumping till the temperature is lowered to about 
zero, but the quantity pumped becomes extremely small then. This was 
a confirmation of earlier indications from other data. 

In connection with this investigation Mr. Drat studied the influence 
of temperature on the mussel’s pumping activity by a method described 
by WALLENGREN (1905). A light pendulum, carrying a minute mirror, 
is suspended in front of the exhalation siphon so that the strength of the 
watercurrent can be measured from the deviation of a beam of light 
reflected by the mirror. These observations revealed a more or less 
linear relation between the temperature and the quantity of water 
pumped within the temperature range of — 0.5 to g.-° C. Even at 
—0.5° CG. pumping is not altogether stopped. In the common oyster 
pumping is known to stop at about 5° C. 

As was reported last year, Mr. Gias (Groningen) studied the response 
of the common shrimp (Crangon crangon) to a diminishing head of 
water. This work was now continued and extended by Mr. HEyuicErs 
(Utrecht), who arrived at the conclusion that during the day the 
shrimps perceive the fall of the surface with their eyes, without the help 
of antennae; whereas at night they probably observe changes in height 
when swimming. The water depth preferred when hiding is different 
in individuals of different size: the larger animals tend to prefer a 
greater head of water than the smaller ones. 

Mr. Haeck (Utrecht) also took up an item which had been studied 
before at Den Helder, without its having yielded conclusive results so 
far. In 1950 Mr. WILLEMSEN had tried to demonstrate the shrimp’s per- 
ception of minute variations in salinity. He endeavoured to condition 
the shrimps, as But had successfully done with fishes. The experiments 
had miscarried because of the shrimp’s readiness to become conditioned 
to adventitious factors rather than to salinity. At first Mr. Harcx had 
to cope with the same difficulty, but after some time he gained evidence 
that shrimps do probably perceive variations down to 0.20 °/o) Cl’. 
Since the threshold had not yet been reached Mr. Harcx will carry on 
his experiment in 1955. Up to now, little was known as to the threshold 
of perception of salinity changes in evertebrates; SpreGEL believed that 
Crangon could perceive NaC] changes of about 2 9. 

Another piece of research, started by Mr. Rorssincu (Leiden) at 
Den Helder and Plymouth in post war years, was taken up by Mr. 
LEEUWENBERG (Utrecht). It dealt with the influence of external factors 
on the tendency of Psammechinus miliaris to cover itself with foreign sub- 
stances. The habit was found to be most apparent in full dayligot, and 
less so in faint l'ght. When the animals are given small pebbles, 
shells etc., they will completely cover themselves within half an hour, 
using their tube-feet for getting hold of the rubbish. Lrypani and 
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J. Runnstr6m found that animals from deeper water, which are less 
pigmented, are sooner inclined to cover themselves than animals from 
shallow water. They supposed that Lichtschutz might be the ultimate 
aim. Predators, such as the lobster (Homarus) and the edible crab 
(Cancer) will, no doubt, find Psammechinus by scent or taste, and not by 
vision, so that the disguise will be useless against these enemies at least. 

Some interesting observations on the cockle (Cardium) were made by 
Mr. RoosenscHoon (Utrecht). They concerned the way in which 
Cardium digs itself into the sand and contributed to the study of animal 
behaviour. He endeavoured to analyse the digging activity, and it seems 
likely that the chain of actions can be set off even when the cockles hang 
freely in the water without any contact with the bottom. The observa- 
tions might stimulate further ethological work. 

The study of nudibranch slugs, which had been in progress during 
former years, was suspended, except for the work of Mr. Stock (Am- 
sterdam), who wanted to get acquainted with the methods for his intend- 
ed investigation at Roscoff, and of Mr. DE Wotr (Amsterdam), who 
tried to continue last year’s work. Both attempts (of 19 and 12 days 
respectively) were hampered by the difficulty of obtaining sufficient 
numbers of slugs. 

The investigations of Mr. DE BLoxk on the influence of lunar and tidal 
periodicities on the reproduction of marine animals was continued. The 
work is financed by the Netherlands Organization for Pure Research. 
Its progress is slow but sure. A theoretical treatise was composed, from 
which it appears likely that various factors are instrumental in inducing 
reproductive rhythms in the sea. In cooperation with Mr. Duk, instru- 
mentmaker at the Zoological Laboratory at Leiden, an apparatus was 
designed for separately testing the action of each of the factors that will 
accompany tidal and lunar phases. The costs are estimated at {21 300.—, 
an amount that has also been granted by the Organization. The inves- 
tigation is supervised by Mr. Korrinca (Bergen-op-Zoom) and Mr. 
VERWEY. 

The data obtained this year by Mr. KrisTENsEN, by buying up speci- 
mens from fishermen, are again tabulated. Contrary to the findings of 
1953, the southern species were scarce, whereas the occurrence of north- 
ern species was normal. Southern species, viz. the cuckoo gurnard 
(Trigla cuculus), the black bream (Spondyliosoma cantharus), the hake 
(Merluccius merluccius), the dory (eus faber), the pilchard (Clupea pil- 
chardus) and the cephalopods Loligo vulgaris and Octopus vulgaris were less 
numerous than in former years. Only the rays Raia brachyura and R. 
montagur were rather common. Mr. KrisTEensEN holds the opinion, that 
this year’s scarcity of the southern species was brought about by the 
low spring temperatures, which must have checked their northward 
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migration. The northern species did not respond to the low tempera- 
tures and appeared in normal numbers. In this respect there was a 
marked difference with 1953, when the northern species did migrate 
farther south. As in 1953, the haddock (Gadus aeglefinus) predominated 
among the northern species and considerable numbers were again 
found off Den Helder in Texel Hole. 

In the spring of 1954 the high salinity of the Wadden sea was con- 
spicuous, which, no doubt, made great numbers of Sepia and Loligo 
spawn in the Wadden area. It is not clear whether this high salinity 
also caused the abundance of young cod (Gadus callarias) and sole (Solea 
solea) (bornin 1954) and the scarcity of young (1954 born) whiting (G. 
merlangus) and plaice (Pleuronectes platessa). Rather, it seems likely that 
the abundance or scarcity of these animals in the Wadden sea depends 
directly on the greater or smaller success of their spawning in 
the southern North Sea. The great numbers of young cod would then 
be due to the low temperature in February; low temperatures may be 
considered favourable for this species. 

During the frost period of February Mr. KristT—ENsSEN made some ob- 
servations on the tidal flats. Between the ice and the frozen bottom he 
found water rich in H,S and poor in oxygen. Salinity had reached twice 
the normal value as a result of freezing. In this medium mussels, 
cockles, clams (Mya arenaria) and polychaetous worms died in great 
numbers, whereas gastropods, viz. Littorina and Hydrobia, survived. 

In the water the most extreme salinity value was twice higher than 
normal, namely 32.20 °/5) Cl’ at a temperature of —2.9° C. In the bottom 
even lower temperatures were measured, viz. —5.9° C. This means, thatin 
preceding days the watertemperature must at least have been equally 
low. In this connection Mr. Postma draws attention to RINGER’s work 
of 1906. R1NGER pointed out that the water can only reach such a low 
temperature when freezing has increased the salinity to 50 9/9) Cl’, which 
is about three times the normal value. The observation is also impor- 
tant because RINGER has demonstrated that at these low temperatures 
calcium carbonate is precipitated. So under these extreme conditions 
lime could be formed on the tidal flats by an inorganic process. 

During the frost period considerable mortality of the molluscs Gari 

fervensis, Dosinia exoleta and Cardium norvegicum occurred in the southern 
North Sea. Mr. KrisTENsEN believes these species extend their area of 
distribution into the North Sea during periods of higher temperature, 
but perish again during extreme cold. 

Our hydrographic research derived considerable advantage in 1954 
from a visit of Prof. Krey of the Institut fiir Meereskunde at Kiel, who 
worked six weeks at the Zoological Station at Den Helder in return for 
a stay made by Mr. Posrma at Kiel in May and June. This exchange 
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Species 


Sex; Size (cm) 


Locality 
(ST Means buoy on the Silverpit-Texel route) 


Scyllorhinus stellaris 
Raia brachyura 


Raia montagui 
Raia undulatus 
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Clupea pilchardus 


Merluccius merluccius 


Spondyliosoma cantharus 
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Trigla cuculus 
Trigla lineata 
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Northern fishes, likely to have entered the southern North Sea from the North 


Gadus virens 
Molva molva 
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Anarhichas lupus 


Hippoglossus hippoglossus 


21 
40; 3 55; 49 


25, 22; 19; 19; 1159 


pie OF ie ois 1) 
? 54 


Petten 5,5 m 

ST 3; NW of Terschelling 36 m; NW of 
Texel 29 m 

Texel Hole; off [Jmuiden 29 m; Texel Hole 
(2 spec.); Petten 4 m; Texel 4 m 

Tea Kettle Hole; Texel Hole 

ST 4 


Fishes, whose direction of migration is uncertain 
11; 6; 10; 6; 7; + 10 coastal water between Petten and Texel4—11m 


Raniceps raninus 
Labrus berggylta 
Ctenolabrus rupestris 
Spinachia spinachia 
Scorpaena dactyloptera 


Evertebrates, “‘rare”’ 


Portunus puber 
Nephrops norvegicus 
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Loligo vulgaris 
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Sepia officinalis 


Eledone cirrhosa 
Scaphander lignarius 


25-35 
7 
15 
PML hiya 


from off Ifmuiden to ST 4 
Malzwin (Wadden Sea) 
off Petten 5,5 m 

ST 4; off IJmuiden 29 m 


the area off Den Helder 


2 26.5 
10 
7.5-11.5 


fexclertole 

Texel Hole — ST 4 

Texel Hole 

Texel Hole 

mostly from coastal waters (no data collected 
June-Oct.) 

mostly from Texel Hole Area (no data col- 
lected June—Oct.) 

mostly from coastal waters and Wadden Sea 
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was promoted by financial aid on the German side and from the Or- 
ganization for Pure Research. In close cooperation with Mr. Posrma 
Prof. Krry examined the composition of suspended organic matter in 
the Wadden Sea. The chlorophyll content of live phytoplankton was 
compared with that in detritus. An exact knowledge of this relation 1s 
essential in evaluating the fertility of water masses. A closer analysis of 
the relation between dead and living matter was made possible by a 
specific test for live protein, which had been developed by Prof. Krey. 
These determinations were carried out together with those for nitrogen, 
phosphor, etc. 

Prof. Krey and Mr. Posrma continued their cooperation in May 
during a visit of the latter to Kiel. On this occasion several watersam- 
ples from the Baltic Sea were analysed and attention was again focused 
on the relation between living and dead matter. They had an oppor- 
tunity to compare two methods for determining organic phosphorus. 
The results justified every confidence in the method employed. 

Subsequent to his visit to Kiel, Mr. Posrma became acquainted with 
the Hydrobiological Institute at Plon and then spent a fortnight at the 
German Hydrographic Institute at Hamburg. Here, in cooperation 
with Prof. Kae, he carried out an investigation into the origin of a 
turbidity maximum in the lower Elbe. A similar maximum is found in 
almost every river estuary in Europe and in many cases, notably in the 
Elbe, it has been ascribed to flocculation of the colloids of the river 
water by the minerals of the sea. It was shown by this investigation, in 
which samples of river water were treated with sea water, that no such 
flocculation takes place in the Elbe, at least not on a scale sufficient to 
explain the existence of the turbidity maximum. Mr. PosTMa assumes 
that hydrographic factors are the main causes of this turbidity. Recently, 
Ir. SanremaA of the Rijkswaterstaat arrived at the same conclusion in 
regard to the lower Rhine. 

Mr. Au Kuo y also cooperated with Mr. Posrma, and further Mr. 
Rp. ENGKogEs SoERIAATMADJA, analyst of the marine biological labora- 
tory at Djakarta (Java), joined the hydrographic team. Mr. AL KHOoLy 
also tested the stability of chlorophyll in a dead cuiture, which is of in- 
terest in connection with the occurrence of chlorophyll in non-living 
organic matter in the sea. Perhaps a short contribution on the subject 
will appear in print. 

Mr. SOERIAATMADJA studied the methods of hydrographic work, but 
at the same time furnished a contribution to our own line of research. 
He analysed the composition of the water in the North Holland Canal 
and traced the influence of this water in the Wadden Sea near Den 
Helder. Since salt water is a nuisance in the low lands of the region, 
fresh water is let in near Amsterdam from the Yssel Lake and drained 
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off at Den Helder. This management tends to get rid of the salt water 
penetrating the sluices. The water of the canal contains considerable 
quantities of phosphate and nitrate, which fertilize the tidal waters 
nearby. The observations were made in November and December and 
will be continued after the departure of Mr. SopRIAATMADJA. 

A hydrographic survey of the Eems and the Dollart was carried out 
in cooperation with the Royal Netherlands Meteorological Institute 
(K.N.M.I.), the Oceanographic Section of which has taken water 
samples from a point near Embden down to the sea. A comparison 
with the western part of the Wadden Sea revealed an interesting differ- 
ence. The samples from the Dollart contained much more suspended 
matter (living and non-living) than those from the western part of the 
Wadden Sea, and the Dollart-water was therefore more nutritive. Both 
Dollart and western area act as a store for suspended material, but the 
river Eems, contrary to the river Yssel, considerably adds to the fertil- 
ity of these waters. 

The Government Institute of Fisheries Research applied to the 
Station for assistance in finding out whether the densely inhabited 
mussel grounds off Den Oever (Wieringen) cause a local decrease in the 
quantity of suspended matter, organic as well as inorganic. The inves- 
tigation was undertaken jointly by Mr. Havinca, Mr. Korrinea, and 
Mr. Postma. In particular the chlorophyll content was taken as a meas- 
ure for the amount of organic matter. The chemical analyses were 
carried out at Den Helder by Mr. Korrinca and the personnel of the 
Zoological Station. In connection with this work cruises were made in 
the western part of the Wadden Sea. The work did not yield conclusive 
results and will probably be continued later on. The data obtained so 
far contribute, however, to our knowledge of the occurrence of chloro- 
phyll, the distribution of which has had Mr. Posrma’s attention for 
several years. 

Assistance was also offered to Mr. Korrinca in his effort to estimate 
the productivity of the Easter Scheldt. A considerable number of phos- 
phorus determinations were made on water samples collected at regular 
intervals on Ierseke Bank and more accidentally in other locations. 

In April and August further aid was given to an investigation initiated 
by Rijkswaterstaat, section Hoorn, on the transport of silt in Den Hel- 
der harbour. In former reports the changes that have here taken place 
were mentioned. The silting up of the new harbour exceeds expected 
standards and Waterstaat has therefore tried to gain an insight into the 
settling of the sediments. The Zoological Station determined the silt 
content of a thousand water samples. In an attempt to limit sedimenta- 
tion in the new harbour, the old outer harbour (the so-called Nieuwe 
Diep) will now also be dammed off in its outer part. 
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In the Nieuwe Diep salinity and temperature determinations were 
carried out daily. This routine work was supplemented by a number of 
oxygen determinations. In front of the Zoological Station the water is 
high in salinity near the bottom, most of the time even higher than at 
high tide formerly when the currents could pass freely. The deeper 
water is therefore quite suitable for the aquaria, but in summer its 
oxygen content is poor. During the last few years the water has there- 
fore been pumped up from the Nieuwe Diep during winter only, where- 
as a waterboat maintained the supply from the Marsdiep in summer. 
The management has been satisfactory so far, but future arrangements 
are uncertain as long as the construction of the new harbour has not 
been completed. 

Besides the persons already mentioned, Mr. J. A. W. Lucas (Leiden), 
Mr. R. PeeLten (Amsterdam) and Mr. J. JANsontus, a geologist from 
Utrecht, spent short terms at Den Helder, mainly for orientation. 
Further Mr. Postmes (Utrecht) and Mr. VAN DER HEIDE (Amsterdam) 
spent one day at the Station for fixation of specimens, while Dr. J. S. 
ZANEVELD (Leiden) had a five days’ stay to get acquainted with 
methods of aquarium management and research methods in connection 
with the erection of a marine biological laboratory on Curagao (Carib- 
bean). 

The number of students attending the Station’s summer courses 
amounted to 29 this year; 20 of them were from Leiden, 8 from Utrecht 
and 1 from Amsterdam. The courses were jointly given by the five 
members of the staff, including Mr. Dr Brox, from June 21st to July 
3rd and from July 5th to July 17th. 

Apart from this, Mr. VAN NrEUWENHOVEN and Mr. Kooy, assistants 
at the Physiological Laboratory of the University of Amsterdam, gave 
a physiological course, which had been planned together with Dr. J. 
bE Wipe. From June gth to June 16th 12 students attended this 
course. . 

The total number of man-days for individual workers and summer 
course participants in 1954 amounted to about 1550. In the previous 
report it was explained that this number varies a good deal in the 
course of time; over the period 1947-1954 it averages about 1080. 

Considerable expenditure was again laid out for the maintenance 
of the building and the students’ lodge, which were both painted this 
year. The caretaker’s sitting-room was given a better appearance. The 
electric circuits near the aquaria were replaced by waterproof cables 
and finally a dark room for photographic work was added to the building. 

The Mekog Ltd. transferred to us the new aquarium, including 
plastic pipings and pumping installation, for f/ 18500.—. This 
amount was furnished from a fund accumulated from payments by 
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Mekog Ltd. for the contracted research on industrial waste waters, 
carried out by Dr. Tammes in previous years. The Bleeker electric 
spectrophotometer that had been in use for the same purpose was 
taken over by us for f 2 500.—. The aquarium and the photometer are 
most valuable acquisitions for the Station. 

The Station’s equipment was further supplemented by additional 
instruments, for which the Government furnished an extra grant of 
J 5000.—. The purchases included a Christ centrifuge of 1 litre capaci- 
ty. In general, the Station’s equipment has been much improved of 
late years. This was especially noticeable in 1954, thanks to the above 
mentioned extra grant and the raising of the regular allocation for in- 
struments to f 3 600.—. 

The Station’s vessel ‘Max Weber” did not require heavy expenses. 
The ship was in fairly regular use, also during the winter. It passed a 
general inspection by Scheepvaartinspectie which did not lead to large 
expenditure. The Station obtained the use of a second rowing-boat, 
which is the property of the Organization for Pure Research and had 
been used by the Foundation for Marine Geology at Groningen. A 
second rowing-boat will often be an advantage for work on the tidal flats. 

There were no changes in the personnel, except for the departure of 
the student-analyst G. VAN DER WAL, who left the Station on October 
ist. A memorable event was the conferment of the doctor’s degree on 
Mr. Postma. His stay at Kiel and Hamburg has already been mention- 
ed. In October and November Mr. Postma worked at the Zoological 
Station at Naples. His program had been set up in cooperation with 
Mr. Korrinca, who had visited Naples in spring. Their aim was to 
study the fertility of some small lagoons which communicate with the 
Mediterranean. Attention was also given to the fertility of the Gulf of 
Naples. The latter observations will perhaps contribute to a better 
understanding of fertility relations in the Mediterranean in general. 
During his stay in Italy Mr. Postma also attended the Congress of the 
‘Union Géodésique et Géophysique Internationale”, which was held 
at Rome from September 14th to October rst. 

The condition of the library was quite satisfactory, thanks to the 
good care of Mr. WEsTENBERG and Miss Stoti. The main feature was 
an extension of our exchange program. Special efforts were made to 
acquire large sets of periodicals at once in exchange for backnumbers. 
The number of exchange relations now amounts to about 225. ‘The 
library is becoming more and more cramped for space and an expan- 
sion is urgently necessary. Only a few books were obtained by purchase 
and quite a lot of reprints by donation, for which we express our sincere 
gratitude. Von BuppENBRocK’s “‘Vergleichende Physiologie” was re- 
ceived as a present from Prof. Krey, Kiel. 
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The supply of study material to laboratories, schools, zoological gar- 
dens, private workers and amateurs brought in f 4392.08. The pur- 
chase of animal specimens required a sum of f 3 375.33 and expenditure 
for wicker-bottles, preserving solutions, packing, freight etc. was 
f 641.94, from which f 110.33 was returned; this resulted in a nett 
profit of f 485.14. This side of the Station’s activity takes much time and 
is therefore costly, but at the same time important. The business could 
be made selfsupporting by charging for the salary costs, but this would 
raise the prices considerably. 

The Government grant for 1954 amounted to f 87 700.—, of which 
{66000.— was allocated for salaries and national insurance, which 
left f.21500.— to defray further expenses. f 5 000.— of this sum was 
especially destined for some expensive instruments, so that f 16 500.— 
remained at our disposal for running the Station. 


Den Helder, March 1955 
J. VERWEY 
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In an earlier paper in this journal BARKMAN (1955) discussed the 
causes of the horizontal and vertical distribution of the tidezone snail 
Littorina obtusata. This species is tied down to the tidal zone through an 
innate negative geotaxis, which keeps it away from deeper water, and 
a dislike for strong light and desiccation, which prevents its negative 
geotaxis from carrying it to too high a level. It is further chemotactically 
attracted by the Fucaceae upon which it lives. The species is subdivided 
into a number of varieties. Of these variety citrina is found especially in 
the lower half of the tidal zone, whereas variety olivacea is chiefly found 
in the upper half. Broadly speaking, they are therefore found on differ- 
ent Fucaceae. BARKMAN tried to ascertain whether the different 
distribution of the two varieties in nature was caused, apart from a 
different reaction to abiotic factors (gravity, light, wave action), also 
by differences in their preference for algae, and he came to the con- 
clusion that the preference for Fucaceae is more pronounced in variety 
olivacea than in variety citrina (which is more often than olzvacea found 
on Chondrus crispus) and that within the group of Fucaceae variety 
citrina clearly has a preference for F. serratus, whereas the results in 
regard to olivacea were doubtful; BARKMAN was inclined to suppose, 
however, that its preference within the Fucaceae differed from that of 
olivacea. In connection with these observations it seemed worth while to 
find out whether the two above mentioned varieties would react differ- 
ently to the scent emitted by the different species of Fucaceae and a 
number of experiments were undertaken accordingly. The work was 
carried out in the months of August and September 1953 at the Zoolog- 
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ical Station, Den Helder. I owe many thanks to the director, DR. J. 
VeRwEY, for his suggestions and his help in preparing this paper, to 
DR. J. WESTENBERG, for his aid in its statistical part, to Mr. J. A. A. 
SPIEKERMAN, Den Helder, for the correction of the English text. 


Il. MATERIAL AND TECHNIQUE 


The experiments were carried out in the same way as VERWEY’S 
experiments described in BARKMAN’s paper. 

Sea water was kept flowing over the bottom of a shallow concrete 
aquarium tank of 250 x 67 15 cm (fig. 1). The water level in it 
was kept very low, 1 cm or less, in order to keep the snails with their 
strong negative geotaxis from climbing the walls. The snails were 
placed at the downstream end of the tank and a few pieces! taken from 
the fronds of Fucaceae were laid at the upstream end between two 
bricks, which formed a passage of 10 cm width for the incoming water. 
The distance between the snails and the algae was first 2 m, in the 
definite experiments 1 m; the distance between the snails and the 
water outlet was also 1 m. The experiments with algae alternated with 


af 
ees J 


Fig. 1. Scheme of experiments. A and B: centres of places where snails were deposited. 
F: centre of place where Fucaceae were deposited. Arrows denote direction of water 
current. For further explanation see text. 


blanks. Each experiment lasted 12 hours. In between experiments the 
snails were regularly fed algae at the starting place. After each ex- 
periment the tank bottom was thoroughly cleaned to make sure that 
algal scent would not interfere with the controls. After the snails had 
been used a few times the animals were replaced by others. 

The first experiments were carried out in the dark, so that light in- 


i Only in the experiments carried out in the dark more than afew (evena great many) 
pieces were used. 
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fluence should not interfere. Since the number of snails leaving the 
starting place remained very low, a total illumination of 20 Watt was 
provided in the form of 4 Philips bulbs of 5 Watt, 80 cm above the 
tank bottom and regularly spaced over the tank. Also with this weak 
illumination the animals remained rather inactive. Therefore, the 
illumination was made stronger and 4 bulbs of 60 Watt were installed 
instead. The snails were much more active now and the definite ex- 
periments were therefore carried out under this illumination. 

In a second series of experiments the reaction of the snails was 
studied under different conditions. BARKMAN had already adopted the 
same method. The 4 species of Fucaceae were laid out in a circle, with 
the snails in the centre. The distance between the snails and the algae 
was about 15 cm. After 12 hours the numbers of snails found on each 
of the Fucaceae were counted and the animals were deposited again 
in the centre after the circle of algae had been turned go’. The experi- 
ment was carried out 4 times, so that each algal species had taken the 
place of the others once. The illumination in this case was provided by a 
60 Watt-bulb, hanging right above the centre at a height of about 
80 cm. 


Ii. RESULTS 
I, PERCEPTION OF FUCACEAE FROM A DISTANCE 


A. Experiments in the dark 


In the first of the experiments carried out in the dark the snails were 
placed at a distance of 200 cm from the water inflow. The results after 
12 hours are given in table 1. 


TABLE I 


Upstream movements of Littorina obtusata in the absence and presence of Fucaceae. 
Algae at 200 cm distance. Complete darkness. 


: No algae at inflow Fucus spiralis at inflow Fucus vesiculosus at inflow 
Total Upstream Total Upstream Total Upstream 
variety cilrina 94 19 
Lees St 
188 50 120 57 118 36 
ie, ey 
(27 %) (47 %) (30 %) 
variety olivacea 31 5 
74 22 
105 27 71 44 67 85 


(26 %) (62 %) (52%) 
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The results indicate that the scent of Fucus, especially in the case of 
F. spiralis (perhaps less so in the case of F. vesiculosus) has some in- 
fluence on the snail when produced at a distance of 200 cm. Of the 
upstream animals very few, however, reached halfway the distance 
to the water inflow. In the experiment without algae there were 2, in 
that with F. spiralis 4, in the case of F. vesiculosus again 2. No snails 
reached Fucus or its close proximity. It is doubtful whether the variety 
citrina behaved differently from the variety olivacea. 

Because the distance of 200 cm might have been too great, the ex- 
periments were repeated with a distance between the snails and the 
water inlet of 100 instead of 200 cm. The experiments were carried out 
with Fucus serratus. Three out of 98 animals now reached the neigh- 
bourhood of Fucus, 27 reached the part of the tank between 50 and 100 
cm upstream, the others were found in the downstream part in- 
cluding the first 50 cm upstream. In view of the many branches of 
Fucus used this result was considered insufficient as a basis for further 
experiments and the distance between the snails and Fucus was further 
decreased in subsequent experiments. It was quite clear, however, that 
the outcome of the experiments with a distance between snails and 
Fucus of 100 cm was much “‘better”’ than that with a distance of 200 cm. 
Apparently, a difference of 100 cm was rather much for the animals. 

In the experiments following next the distance between the snails and 
the water inlet was again made shorter: now 66 and 33 cm. Even in 
these cases, however, the number of snails reaching Fucus serratus was 
only small, in spite of the fact that many branches of Fucus were used. 
Since VERWEY had found that even small pieces of Fucus attracted the 
snails from 150 cm distance we wondered whether the constant dark- 
ness could have something to do with the results and accordingly 
started experiments with a weak illumination. VERwey had made his 
experiments in daylight and night conditions, but during the night 
there was always a faint illumination. 


B. Experiments under a weak illumination 


In the experiments which followed now 4 bulbs of 5 Watt each were 
used, providing a total illumination of 20 Watt. The snails were 
deposited at 100 cm from the water inlet and after 12 hours their 
distribution was examined. In these and later experiments the distances 
covered by the snails were classified in 3 groups: 


Group 1, including the downstream part of the tank and 50 cm of the 
upstream part; 


Group 2, between 50 and 100 cm upstream; 
Group 3, more than 100 cm upstream, on and around Fucus. 
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The results of these experiments, which were again carried out with 
Fucus serratus, are given in table n. 


TABLE Il 


Movements of Littorina obtusata in the absence and presence of Fucus serratus. Algae 
(few pieces) 100 cm distant. Total illumination 20 Watt. 


Variety citrina Variety olivacea 
Group I 2 3 I 2 3 
No algae at inflow 120 2 (0) 58 5 I 
98.4% 1.6 (o) g2.1 7.— 0.9 
Fucus serratus at inflow 105 8 I 56 6 2 
92% — 7— I 87.5 9-4 3.1 


Though in these experiments the percentage of snails reaching the 
algae was still very low it was apparent that the animals were some- 
what more mobile than in the experiments carried out in complete 
darkness. It was therefore concluded that the illumination should be 
stronger. 

The experiments indicate that the scent of Fucus serratus has some 
influence on the snail when produced at a distance of 100 cm. It is 
doubtful whether variety citrina behaves differently from variety 


olivacea. 
C. Experiments with an illumination of 240 Watt 


Experiments were now carried out with an illumination of 4 bulbs of 
60 Watt each. The snails were much more active now and the in- 
fluence of the algae became measurable, as in the earlier experiments 
of VERWEY. The movements were registered in the same way as under 
B. The total number of experiments amounted to 25; 5 of them were 
carried out without algae at the water inflow, 5 with each of the 4 
species of Fucaceae found at Den Helder. The results are presented in 
table 11. 

It should be added that the 4 species of Fucaceae are given here in 
the order in which they inhabit different levels of the tidal zone, FP. 
spiralis growing highest, Fucus serratus lowest. It has already been stated 
that variety olivacea of the snail is especially found in the upper half of 
the tidal zone, variety citrina in the lower half. 
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TABLE III 


Movements of Littorina obtusata in the absence and presence of Fucaceae under an 
illumination of 240 Watt. 4 species of Fucaceae tested. Distance 100 cm. 


Variety citrina Variety olivacea 
Group I 2 3 I 2 3 
No algae at inflow 108 2 2 48 I ) 
99 7 4 44 2 i 
Pal I 6 2) I ) 
87 9 4 38 2 2 
85 2 fo) 9 ) ) 
Total number 456 QI 16 162 6 3 
No algae, total percentage DES) 4.2 3.2 94.8 3.5 ile 
Fucus spiralis 58 6 15 II 2 2 
€6 6 7 9 3 3 
wii 2 8 14 O 2 
52 6 29 II ) 3 
55 4 20 12 Oo 3 
Total number 302 24 72 57 5 13 
Percentage 75.9 6.— 18.1 76.— 6.7 17.3 
F. vesiculosus ah 13 29 34 7) 19 
48 13 36 22 9 17 
‘Total number 125 26 15 56 16 36 
Percentage 55-3 1i:5 HOw 53-3 NOT Boee 
Ascophyvllum nodosum 61 4 QI 4 3 3 
70 3 13 8 3 3 
60 10 07 10 2 = 
62 3 QI 6 2 6 
61 ii 20 6 I 5 
Total number 314 OF Q 34 II 18 
Percentage 72.5 6.2 21.3 54.— 17.4 28.6 
F. serratus 94 7 ng 48 2 8 
66 2, 13 9 2 5 
75 6 7 13 4 fo) 
73 4 12 12 I 4 
ail 0) 12 13 I 3 
‘Total number 379 24 57 95 10 20 
Percentage 82.4 5.2 12.4 76.— 8.— 16,— 
Total all species 1120 101 296 242 42 87 


Percentage 73.8 6.7 19.5 65.2 Iso 23.5 
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It follows from these data that: 

1. All 4 species of Fucaceae clearly attract the snails from a distance of 
100 cm. ‘The percentage reaching the water inflow is 3 or less when 
no algae are there, on the average about 23 when algae are present. 
These figures are comparable with those obtained in VERWEY’s 
experiments, in which it was found that 3.5 °% of the snails reached 
the water inflow in the absence of Fucaceae, 22 °4 when they were 
there, 

. The percentage of snails reaching the algae from 100 cm distance 
differs for the various species of Fucaceae used. It is apparently 
greatest for Fucus vesiculosus, smallest for Fucus serratus, a point which 
will be considered in the next chapter. 

3. There is probably no difference between the varieties citrina and 

olivacea, both reaching the algae in comparable numbers. This point 
is dealt with below. 


ii) 


2. SELECTION OF FUCACEAE FROM NEARBY 

It was described in chapter 1 that snails were also given the choice be- 
tween the 4 species of Fucaceae from nearby. The algae (see p. 375) were 
laid out in 4 portions in a circle, with the snails in its centre. The 
distance between the snails and the algae was about 15 cm. To keep 
both the algae and snails in good condition, water was kept slowly 
flowing over the bottom of the basin. Illumination was provided by a 
60 Watt bulb. In all, 4 experiments were made, each experiment 
lasting 12 hours. After each experiment the circle of algae was turned 
go°. The results are given in table rv. 


ABIL ELV: 


Movements of Littorina obtusata with 4 species of Fucaceae laid out in close proximity. 


Variety cilrina Varietv olivacea 


Experiment I 2 3 4 Total af I 2 3 4 Total % 
F’. spiralis ee s/s Ones OEE 2 Oc 
F. vesiculosus oO: Wivaeuual® 164; 94.4, 2 3 7 8" The 20.6 
A. nodosum Ce AD Ge BO) a yee Fh welt’ geil 
F.. serratus Beal Om ehieoee plinth Oss 205 MON Me) oo Tee ree 


Total number of snails 59 68 53 64 244 100— 9 I1 II 10 41 100.1 


These results indicate that Fucus vesiculosus attracts more snails than 
the other species, Ascophyllum nodosum fewest. The outcome differs for 
the separate experiments, however, and it seems unlikely that the 
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relative values for the different algal species would be the same if the 
number of experiments had been greater. The results for olivacea, 
moreover, are based on very small numbers of animals. 
Further, the data do not indicate that the two varieties behave 
differently, they rather indicate that they behave in the same way. 
The results will be considered in more detail in the next chapter. 


IV. CONCLUSIONS 


I. ATTRACTION FROM A DISTANCE 


The data obtained in the first series of experiments (attraction from 
some distance) suggest that Littorina obtusata is not very mobile in 
complete darkness and that it does not react much to Fucaceae in its 
neighbourhood when there is no light. Since the snail avoids strong 
light it is probable that it has a preference for light of intermediate 
strength. 

If the quantity of light is sufficient all 4 species of Fucaceae attract 
the snail from a distance of 1 m. The attraction differs for the various 
species of algae and the results indicate that for both varieties of the 
snail the order of attraction by the algae is the same. 

An overall y?-test was applied to the data, which to that end were 
arranged in a 2 x 8 table: 


L. citrina L. olivacea 


F. spir. F.vesic. Ascophyll. F.serr, F.spir. F.vesic. Ascophyll. F. serr. Total 


On algae 72 75 92 57 13 36 18 20 383 
Not on algae 326 I5I 341 403 62 72 45 105 1505 
Total 398 226 433 460 75 108 63 125 1888 


Calculation produced a y? = 66.80, which for 7 degrees of freedom 
means that it is highly unlikely that the results found could have been 
obtained if the different algae had exerted an equal attraction on the 
snails. 

Thereupon, all combinations were compared separately in 2 x 2 
tables by means of the Fisher-Yates test. 


This is a parameter free significance test for binomial variates, which is, unlike the 
7° test, valid for large as well as for small numbers. For small numbers this test has 
been tabulated by Finney (1948), whereas larger samples can be treated with the 
approximation given by FISCHER (1948, p. 96). The computation of one set is given 
by way of example. 
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L. citrina On algae Not on algae Total 

F’. serratus 257 A-a = 403 A = 460 

F. spiralis by = 9 B-b = 326 B = 3098 
a+b = 129 A + B-a-b = 729 A + B = 858 


On the assumption of equal attraction by the two types of algae the expectation 
A. (a+b) ~ 460. 129 
A+B  ~—_— 858 


2 Wee (a+b). (A+B—a-b) = eee 129-729 
a (A-+B)?.A+B—1) 8582. 857 


The deviation of a from its expectation value = 69.161-57 = 12.161, which 
amounts to 2.33 times its own standard deviation. According to the tabulation of 
the normal distribution this corresponds to a (bilateral) tail error value of P = 
0.020, in others wordts to a significance level of 2%. 


value of a is 4 - = OOSTO1 


aA 


The resulting levels of significance are represented in a pictorial form 
in figure 2. The data for variety cztrina are given in the upper, those 
for olivacea in the lower half of the cube. Percentual frequencies of 
arrival of the snails on the various species of algae are given at the 


VAR. CITRINA 


Bae neal Ascophyll. 
181% 0.254 213% 


0192 


; ____a6l6z 
(0) 


16.0% 
F serratus F vesicul. 


VAR. OLIVACEA 


Fig. 2. For explanation see text. 
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corners of the cube. Levels of significance between these latter figures 
are denoted along the connections: those in the horizontal planes reter 
to the difference in preterence of one variety for different algae, those 
along the vertical edges to the differences in preference between the 
two varieties of the snail for a given algal species. 

The differences in the horizontal planes are significant except those 
between Fucus spiralis and Ascophyllum nodosumin regard to variety citrina, 
between F. spiralis and F. serratus, between F. vesiculosus and A. nodosum, 
and between F. spiralis and A. nodosum in variety olivacea. The data for 
citrina, however, because of their greater numbers, can be considered 
more reliable than those for olivacea, and we may therefore conclude 
that both varieties of the snail are attracted by the four species of 
Fucaceae from a distance of 1 m in this order: 

1. Fucus vesiculosus 
2. Ascophyllum nodosum 


3. Fucus spiralis 
4. Fucus serratus 


The data along the vertical edges do not indicate any significance 
and therefore indicate no difference in behaviour between the va- 
rieties?. 

It may be remembered that the experiments in the dark produced 
indications that /. spiralis caused a higher percentage of snails to 
move upstream than did vesiculosus, whereas the later experiments 
show that F. vesiculosus attracts a higher percentage than F. spiralis 
(33 against 18 %). The distances between the snails and the algae and 
the quantities of algae used in the two series of experiments were not 
the same, however, and it is not certain whether it is permissible to 
compare the figures for ‘“‘upstream’”’ in the earlier experiments with 
those found for “‘snails on algae”’ in the later ones. It is not impossible 
that in our experiments besides qualitative differences also quantitative 
differences in scent played a role and that with increasing distances 
maximum attraction shifted from one algal species to another, because 
the quantitative influence (strength of scent) interfered with the 
qualitative one (kind of scent). In view of the results obtained by 
others (BRAAMs and GEELEN, 1953; DAVENPORT, 1950-753) one might 


It is worth pointing out expressly that it is remarkable in itself that the frequency 
of the reaction of an animal to the scent emitted by one of the species it feeds upon 
can be used to prove small differences in the quality of the scent. One would rather 
expect that the snails, when hungry, might react to a 100% degree, when not 
hungry stay where they are, and that these differences would make it impossible to 
find averages for a certain food species. That this is not the case proves that a more 
or less constant percentage of the total is attracted by the scent characters. The same 


was found to be the case in nudibranch slugs feeding on sea anemones (BRAAMs and 
GEELEN, 1953). 
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be inclined to assume, however, that quality (specificity) of scent is 
most important. 


2. ATTRACTION FROM NEARBY 


It was stated in the foregoing chapter that the second series of experi- 
ments, in which the snails were given the choice between nearby algae, 
demonstrated that the snails were most attracted by Fucus vesiculosus, 
least by Ascophyllum nodosum. The results, however, varied a great deal 
in the different experiments (table tv). Moreover, the data for olivacea 
relate to too few animals. For this reason a restricted validity should 
be attributed to these results. 


These data do not lend themselves to statistical treatment. The only test, which 
would meet the situation, would be the method of m-rankings (KENDALL, 1948, 
chapter 6, p. 80). In this test, however, the data only count for their rank, whereas 
numerical values do not enter into the computation. This is especially unfavourable 
in our case, since the numbers of snails in each experiment would not be accounted 
for. No adequate test is at present available. The experiment should be repeated so 
many times that the preference can be statistically ascertained. 


It does attract attention, however, that there is an apparent disagree- 
ment between the results of the experiments of the first and the second 
series. In the second series (snails at a short distance from the algae) 
Fucus spiralis attracts a higher, Ascophyllum nodosum a lower percentage of 
snails than in the first series (snails at 1 m distance), as follows from 
table v. 


TABLE V 


Attraction at 1 m distance compared with choice from nearby (data from tabel m 


and tv). 
Attraction from 1 m Attraction from nearby (0.15 m) 
Algal species citrina olivacea Algal species citrina olivacea 
F. vesiculosus 33.2 34.6 F. vesiculosus 34. 36.6 
A. nodosum Pi 28.6 F. spiralis 29.1 29.3 
F. spiralis 18.2 1 75G} F serratus 20.5 Ter 7ep 
F. serratus 12.4 16.— A. nodosum 16.- Teja 


When the experiments were initiated it was believed that the question, 
whether the two varieties of Littorina obtusata would show different 
reactions to the scent of certain species of Fucaceae, could best be 
solved by using two different methods. Afterwards it was realized that 
the second method was probably inadequate, as taste qualities may 
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have interfered with scent. The results of the two series of experiments 
can be brought into agreement if we assume that Fucus spiralis emits a 
scent which attracts a lower percentage of snails from 1 m distance than 
the scent emitted by Ascophyllum nodosum, but that Fucus spiralis is 
preferred as food because of its softness (or for another reason), whereas 
Ascophyllum is liked less by the snail on account of its hardness (or for 
some other reason). It seems natural that at some distance the snail is 
led by scent, whereas at close quarters scent and taste (structure of the 
algae included) may both play a role. This would mean that the 
results of the two series of experiments are not directly comparable. 
BARKMAN came to the conclusion that taste does not play a role, but 
this seems improbable. 

In connection with the difference in preference shown by the snails 
for algae at some distance and nearby algae, the results ofan experiment 
by BarRKMAN will be reproduced here. It has been stated above that 
the second method (algae in a circle, with the snails in the centre) was 
copied from BARKMAN. He made only one such an experiment, but 
since he used 125 citrina and 100 olivacea its outcome must have had 
some significance. 


TABLE VI 


Selection of algae at close quarters. Data from our table rv, compared with those of 
BaRKMAN’S table xxix. 


Van DONGEN, table Iv BARKMAN, table xxix 
citrina olivacea citrina olivacea 
VIGO Bo eo 6 6h ss Som OEE 29.3 21.6 25.8 
TE, DESUCULOSRES Fe is, sis) Sa. Foie Mix eke acs RRA 36.6 ee 1 Oe 
ANOUOSUIY ateg Bene 10) Sees on a Len OS Terje 25.6 25.8 
PE SOPRACES To at a ee a ere eI go 45.6 39.2 


It follows from this table that, whereas in my experiment most of the 
snails were found on Fucus vesiculosus, and Fucus spiralis took the second 
place, in BaRKMAN’s experiment F. serratus attracted by far the 
greatest number of snails, both varieties behaving similarly in this 
respect. In none of my 4 experiments did F. serratus attain the maximum 
number. Though I cannot give an explanation of this incongruity 1 am 
inclined to assume that the duration of the experiment may have had 
something to do with it, BARKMAN recorded the performance of his 
animals after 48 hours (two days), I myself after 12 hours. For two 
reasons the animals may gradually shift from one algal species to 
another : 
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1. Because they may gradually reach the alga liked best; VERWEY got 
the impression that the snails, when fed both serratus and vesiculosus, 
were most of the time more numerous on serratus, presumably 
because the latter might be liked because of its softness. 

2. Because they might disappear from a certain species when the latter 
is no longer fresh. 

It might thus be a matter of time whether we find most snails on 
serraius or another species and what order of frequency we find. The 
above data do not suffice, however, to go further into the matter. 

BARKMAN also made observations on the preference of the snails 
for the different species of Fucaceae under conditions different from 
those described above (BARKMAN, 1955, p. 38-41, tables xxv—xxvm). 
He used snails collected on different species of Fucaceae and noted 
their distribution over a number of algae after 33-7 days. His data 
are summarized in table vu. 


TABLE VII 


Selection of algae at close quarters. Data from BARKMAN’s tables xxv—xxvu. 


Variety citrina Variety olivacea 
collected on collected on 
F. vesiculosus F., serratus F. vesicolosus Ascoph. nodosum 
number Oe number Ws number o% number 
F. spiralis 69 30.4 55 23.3 94. 32.— 88 DIAS 
F. vesiculosus 46 20.3 68 28.8 39 13.3 97 30.4 
Ascoph. nod. 42 18.5 BD 13.6 93 31.6 64 20.1 
F. serratus 70 30.8 81 34.3 68 DEY i 70 21.9 
Total 227 100.— 236 100.— 2094 100. 319 ~=—-100.— 


The results were difficult to account for, and BARKMAN, who considered 
them of doubtful value, tried to make a number of corrections. The 
chief point, however, is that these results show little agreement with 
the data found by BARKMAN and myself, given in table vi. There may 
be several reasons for this discrepancy, but BARKMAN’s conclusions 
contain a supposition that may be of interest in this connection. He 
found that it looks as if snails of the variety olzvacea, when collected on 
F. vesiculosus, appear to have a dislike for that species, and when collect- 
ed on A. nodosum, might have a dislike for the latter. In other words, it 
seemed as if the animals like variation in their food. Though BARKMAN’s 
results for variety citrina do not point in the same direction, a preference 
for variation in food might well play a secondary role. 

It seems certain, however, in view of the experiments made by 
BaRKMAN and myself, that the food preference of the snail does not 
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agree with its attraction to the different algae by scent. Further, the 
facts do not indicate that there is a difference in either food or scent 
preference between the two varieties. 


V. SUMMARY 


Specimens of the snail Littorina obtusata are attracted by the scent of 
Fucaceae from a distance of 1 m. The attraction is strongest for Fucus 
vesiculosus, smallest for Fucus serratus. It is not certain that this difference 
is caused by the quality of the scent, but this appears probable.. There 
is probably no different reaction to scent in the two varieties of the 
snail: cétrina and oliwacea. 

Attraction caused by Fucaceae at a short distance apparently 
differs from that at 1 m. It is probable that at a distance of 1 m the 
snail is led by scent, whereas at close quarters scent and taste may both 
play a role; taste (structure of algae included) may lead to a preference 
different from that produced by scent. 

The observations indicate that the snails are more active in light 
than in darkness. 
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lL. INTRODUCTION 


The conception whereby the skull is considered as built of several func- 
tional components forming a totality, in which the components have a 


restricted individuality (VAN DER KLAAuUw, 1945, 1950), raises a num- | 


ber of problems and difficulties. 

The first difficulty exists in the use of the concept: restricted indivi- 
duality. If the components are fully incorporated in the wholeness of 
the organism and the distinction of the functional components occurs 
arbitrarily, then the presence of any individuality is questionable. If, 
however, in the case of a less complete incorporation, the functional 
components have their own individuality—in restricted form—, then 
the problem arises how far the restriction of this individuality may reach 
and what would be the relation of the component to the whole. 

The second difficulty lies in the determination and distinction of the 
functional components. With the term functional component is meant 
a morphological structure of elements which has a certain function. 
Generally such a component shall not be restricted to the skeletal parts: 
of the head, but shall embrace the weak parts too. The elements con- 
stituting the skull cannot be distinguished as functional components be- 
cause these elements are mostly parts of them. The consequence is that 
the components influencing the skull do not all lie within the skull, 
but are partly situated outside and around it. 

Connected with the problem of the distinction of the functional com- 
ponents is the question at which level these components can be dis- 
tinguished or, in other words, at which level the morphological ele- 
ments may be considered functional components. 

Dependent on the level of distinction the following terms can be used.. 
The term functional components is reserved for a general terminology. 

hus functional components can be distinguished on different levels. 
The term apparatus will be used for the greater functional components, 
whereas the term constructions is utilized for parts in an apparatus. 

Since it is possible to distinguish the functional components on these 
different levels, the problem arises whether parts of components, i 
casu constructions or parts of constructions, or entire apparatus must be 
integrated with others to a wholeness. It seems indeed valuable to do it 
on every level. So it may occur that only the skeletal elements in a con- 
struction can be integrated to a whole. The way in which the integra- 
tion and correlation occurs is, however, quite different on different 
levels, so that a special research must be made concerning this problem. 
On the other hand, in principle the situation may occur that the ele- 
ments of different constructions are very loosely correlated, but in the 
meantime highly dependent on the functional components, which are: 
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strongly correlated. Nevertheless, the integration of components on a 
lower level is in many cases problematic. Therefore it is much more 
reasonable to consider the entire head and the division of it into func- 
tional components than a part which can only be distinguished in the 
morphological property of its elements, e.g. the skeletal elements. The 
shape of the components can be understood now from rules existing 
between form and function. The term “rules” indicates the always, or 
frequently simultaneous occurrence of a certain form with a certain 
function. The attempt to discover these rules needs two different methods. 

In the first of these, a comparative method, the functional compo- 
nents of the different species are compared. The result is a general rule 
which can be given in a correlation formula, ¢.g. aponeurotic attach- 
ment occurs on cristae, big animals have a relatively small brain. 

The drawbacks of this method are: the difficult determination of the 
comparable functional components, the difficult division of comparable 
elements within these components, which occurs arbitrarily and the 
difficult determination of the influence of the surrounding elements. 
Concerning the last mentioned drawback it may be expected that func- 
tional components in different species will be surrounded by elements 
which differin shape. These differently shaped elements shall have gener- 
ally also different influences on the functional components. In other 
words, functional components in a different position in relation to their 
surrounding elements shall be influenced differently. 

In the second, non-comparative method!, the relation of the func- 
tional components to their function and the dependence of this relation 
on the surrounding elements, or in other words, on the available space 
for the component, is studied in one specimen (in fact many specimens 
of one species or a smaller taxon will be used). ‘The shape and the struc- 
ture of a component are considered a necessary deduction in con- 
structive sense from some biological functions. In other words: the 
component is considered a realization of the function. 

The necessity exists in the form of a correlation formula. This neces- 
sity possesses in many cases a certain degree of liberty. In those cases 
other factors than the realization of the function must be taken into 
account. In practice it is difficult or impossible to know the main func- 
tion or the functions from which must be started. Therefore the reversed 
way is followed. The shape and structure is studied and the analysis 
leads to the functions, which are realized. This practical method must 
be followed by the theoretical deductive method to make the structure 
understandable. 

The drawbacks of this method are the possibility of a high degree of 


1 The fact that results of other fields of research are used, which are discovered by 
comparison, does not depreciate essentially this method. 


390 P. DULLEMEIJER 
liberty and the lack of knowledge of the function and of the correlation 
between form and function. 

Both methods complement each other, for on one hand the mutual 
influence of the functional components must be known in the compara- 
tive method, and on the other hand the correlation between form and 
function can be found by comparison. 

In this study on the head of the viper the second method will be fol- 
lowed and complemented as far as possible by the first, mainly on the 
basis of a restricted knowledge of the structure of Crotalus and Lachesis. 

The aim of this research is to understand the architecture of the 
entire head. The term architecture includes then the relation between 
the functional components in their spatial situation, whereas these 
functional components are considered as realizations of the functions. 

In practice the description and the discussion of the form and the 
function must be given apart. As a matter of fact there follows from this 
an imperfection in the synthetical consideration due to the impossibility 
to consider form and function simultaneously in the description as well 
as in the discussion. 

It must be remarked that the true comparative functional anatomy 
falls outside the field of this discussion. A true comparative functional 
anatomy is an anatomy based on the function—form relation in which 
the comparison is made between the architectonic patterns. 

The common viper, Vipera berus (L.), has proved to bea good subject 
for this study, because of its extreme manner of food-intake and be- 
cause of the fact that almost every part of the head may be adapted to 
this way of food-intake. Moreover, a number of movements of the bony 
parts are visible through the skin and can be analysed by measurements 
on moving-pictures. 


Il. MATERIAL 


The material was obtained by the friendly help of Dr. H. Vorsoz of the University of 
Copenhague, who sent a collection of heads of Danish vipers to Proressor C. J. vAN 
DER Kiaauw. The heads were preserved partly in alcohol, partly in Bouin’s fixative. 

Dr. L. D. BRoncERsmA of the Rijksmuseum van Natuurlijke Historie at Leiden 
was so kind as to place five living animals at my disposal. ‘The specimens were caught 
in the province of Drente. Four of them died after a short time, one was examined 
when still fresh. One animal could be observed many times in the food-intake activi- 
ties. Another living animal could be studied by the kind introduction of Dr. E. F. 
Jacgst, director, and the help of Mr. B. BoLies, attendant in the Zoological Garden 
Natura Artis Magistra in Amsterdam. 

The material, preserved in alcohol 70%, was laid in water for some days before 
macroscopic dissecting. The macroscopic anatomy was traced out under a stereo- 
microscope, magnification 16 x. 

Two heads were cut in microscopical slides with the kind help of Dr. W. VERVooRT 
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of the Zoological Laboratory at Leiden. One head was preserved in alcohol, the other 
one in Bouin’s fixative. Decalcification took place in 6° HNO. The sections were 
stained by haematoxylin-eosin. For the determination of the flexion resistance the 
transverse sections were drawn by means of a Zeiss-Winkel drawing prism on thick 
paper. 

The determination of the flexion resistance occurred by partition of the drawing of 
a transverse section into small rectangles, of which the moment of resistance had been 
calculated to an axis through the centre of gravity and thereafter summarized for the 
entire surface of the transverse section. After that the moment of resistance could be 
compared with the flexion moment, at least, if the muscles attached to the bone work 
entirely. The centre of gravity for each transverse section was determined by free 
hanging on a needle along a vertical line of the transverse sections, imitated of thick 
paper. 

For the application of mechanics were followed the principles pointed out by 
KLopPPER (1943, 1946) in his textbook on applied mechanics. The English termino- 
logy for mechanical phenomenons was borrowed from Murray (1936). 

To get a good idea of the movements during the food-intake, two films were made 
of it by the “‘Universitaire Film” at Utrecht under the direction of Mr. W. VaRos- 
SIEAU. One of the films was made in infra-red light, because the viper did not strike 
the prey in fierce light. The swallowing of the kill was filmed in visible light. From the 
film-pictures a diagrammatical reconstruction could be made of the movements as 
well as of the direction and the velocity. Besides, the act could be reproduced many 
times if an observation had to be made during the morphological investigations. The 
poisoning act was filmed with slow-motion pictures (64 pictures/sec.). The attack, 
however, lasts about 1/30-1/40 sec., so that a rather indistinct picture arose. 

The drawings showing the places of attachment of the muscles are made in the 
same way as those in numerous publications from the Zoological Laboratory in 
Leiden which appeared in the Proceedings of the Koninklijke Nederlandse Akade- 
mie van Wetenschappen. Joined places of attachment are separated by a line of 
crosslets. The places of attachment of the ligaments are indicated by a serrated line. 


LiaDESCRIPTION 


Many authors have described the elements constituting the head of 
snakes. Some descriptions are also devoted to the common viper. So we 
may refer for a general description of the skeleton of snakes to VER- 
sLuys (1936), the muscular system to Haas (1930) and Lusoscu (1938), 
the glands to PutsaLix (1922) and FAHRENHOLZ (1937), the eye to 
Franz (1934) and the nose and surrounding parts to BRoMAN (1918) 
and Marrues (1934), etc. Nevertheless a detailed description of many 
parts is lacking, because these authors were interested in other prob- 
lems. Therefore, after a general description a more detailed one will 
follow of the parts that are of importance for our problems. 


A. THE SKULL (figs I-11) 


In the skull of the viper the main part is occupied by the cerebral skull. 
The ethmoidal region (fig. 4) joins it rostrally, the orbital one rostro- 
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laterally. Ventral to the ethmoidal region and the cerebral skull the 
jaws are movably connected. Between the lower jaws are found the 
glottis and the tongue-bone. 


sayy p.p.0. m.am.e.s.1 cr fenov. for X 


pr fr fr ™m.a.M.1.p. m.a.m.em.\ can.sem. ) Cro. pric. 


cr pf.r erpfe psph. | mrv \erl. gan. lor VY?) sp.bsph, lork 
Lm.- p.l. for. opt. mrp. mil pl forWS cr b.sph. 


Fig. 1. Lateral view of the cerebral skull from left. a, drawn from nature; b, diagram. 
can.sem., Canalis semicircularis; cr.b.sph., crista on the basisphenoid; cr.o., crista occi- 
pitalis; cr.pf.c., caudal crista on the ee cr. bf, y., rostral crista on the prae- 
frontale; fen.ov., fenestra ovalis; for.opt., foramen opticum; for.V*, foramen nervi tri- 
gemini, ramus maxillaris; ne foramen nervi trigemini, ramus mandibularis; 
for.IX, foramen nervi glossopharyngei; for.X, foramen nervi vagi; fr., frontale; gr. 
groove between the canales semicirculares; gr.l., lateral groove on the cerebral skull; 
l.m.-p.l., ligamentum maxillo-praefrontale laterale; l.g.-m., ligamentum quadrato- 
maxillare; m.a.m.e.m., musculus adductor mandibulae externus medialis; m.a.m.e.s.1, 
musculus adductor mandibulae externus superficialis 1; m.a.m.i.p., musculus adduc- 
tor mandibulae internus pseudotemporalis; m.l.pt., musculus levator pterygoidei; 
m.r.p., musculus retractor palatini; m.r.v., musculus retractor vomeris; p.p.0., proces- 
sus postorbitalis; p.sph., parasphenoid; prove processus caudo-lateralis; 3 pr. os prae- 
frontale; sf.b.sth., spina on the basisphenoid. 
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The cerebral skull, including the otical region, is an almost cylindric 
bone, diminishing in breadth rostralwards between the orbitae and 
caudalwards to the foramen magnum. 

The roof is flat (fig. 1). The caudo-lateral and caudal parts of the 
roof lie at a more ventral level (fig. 3). The surfaces of both parts have 
a triangular shape. The sides of the triangle of the caudo-lateral part 
are formed by the bony walls of the canales semicirculares (can. sem.), 
leaving a shallow groove (gr.) between each other. The lateral side, 
formed by the lateral semicircular canal, runs in a straight rostro- 
caudal direction. The other sides are directed from latero-rostral to 
medio-caudal and from medio-rostral to latero-caudal. 

The tops of the triangles of left and right do not meet each other in 
the dorsal median. 

The caudal sides of the just mentioned left and right triangles form 
the rostral side of a caudal triangular part. The third side of this caudal 
triangular part is formed by the caudal border of the cerebral skull, 2.e. 
the dorsal edge of the foramen magnum. This caudal triangular part 
lies on a more ventral level than the first. 

Rostrally the left and right sides of the cerebral skull are concave 
where they coincide with the orbital wall. Caudal to the orbita the side 
is spherical. Caudally this spherical part is neighboured by the area in 
which lie the foramina nervi trigemini et facialis (for. V?, V? and VIZ). 
The caudal part of the lateral wall is formed by the canalis semicircu- 
laris lateralis. The wall between statical organ and brain will be de- 
scribed later on in the chapters devoted to those regions. 

The bottom of the cerebral skull has an irregular outer surface (figs . 
1 and 2). The parasphenoid (p. sph.) lies as a flat rhomb-shaped bone, 
bordered by cristae (cr.p.sph.) caudo-medial to and between the orbitae. 
Caudal to this rhomb-shaped area the ventral surface of the cerebral 
skull is broadened and spherical. About 2 mm rostral to the foramen 
magnum the surface runs dorsalwards. The outer shape of the bottom 
of the cerebral skull is conical. At the most ventral place of the bottom 
lies a low transverse crista (cr.b.sph.), ending paramedial in a paired 
spina (5p.b.sph.), which is directed caudalwards. 

The orbita is relatively large. The rostral and the dorso-medial wall 
are formed by the concave parts of the praefrontale (pr.fr.), resp. the 
frontale (fr.). Caudally the thin processus postorbitalis (p.p.0.) forms 
the border. The other sides are not covered by bones. 

The capsula ethmoidalis of each side (fig. 4) consists of a hollow 
hemisphere, surrounded by thin bone or cartilaginous septa. The 
medial wall of both sides is formed by a thin septum, continuing in the 
triangular bony part of the roof. Rostrally the septum bears on both 
sides a transverse processus (pr.ir.), forming the most rostral part of the 
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ventral wall. The bony ventral wall consists furtheron only of the caudal 
part. It is a flat triangular plate (¢r.pl.), bending dorsalwards, thus form- 


prfr fr p.sph, P-P.0. m.lpl ™.F Pp. co.psph. micl prol 


WUD nas mrovma. 


S.1. for-opt Prat crp.sph. sp.b.sph. mrcv.mt. 


ee) 


— : ™m.EV. m.p. pt. s.sph. Cr. b.sph. 


Fig. 2. Ventral view of the cerebral skull. a, drawn from nature; b, diagram. co.p.sph., 
costa on the parasphenoid; cr.b.sph., crista on the basisphenoid; ¢r.p.sph., crista on the 
parasphenoid; for.opt., foramen opticum; fr., frontale; gr./., lateral groove on the 
cerebral skull; m.l.c.., musculus longissimus colli lateralis; m.l.pt., musculus levator 
pterygoidei; m.p.pt., musculus protractor pterygoidei; m.p.g., musculus protractor 
quadrati; m.r.c.v.ma., musculus rectus capitis ventralis major; m.r.c.v.mi., musculus 
rectus capitis ventralis minor; m.7.p., musculus retractor palatini; m.r.v., musculus 
retractor vomeris; /.p.0., processus postorbitalis ;p.sph., parasphenoid ; pr.c.l., processus 
caudo-lateralis; pr.fr., praefrontale; s.i., septum interorbitale; s.sph., sutura between 
the sphenoids; sp.b.sph., spina on the basisphenoid. 
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ing the caudal part of the lateral wall (c.l.w.) beside the praefrontale. 
The caudo-lateral wall is formed by the concave praefrontale. The other 
parts of the sides are membranous or cartilaginous. 

The bony capsule of the organ of Jacobson joins the regio ethmoi- 


Gr can.sem, lp-s mdm. crp [p-s. 


a amm, 


m.i-co.0. moc. mrcd. 


Fig. 3. Dorsal view of the caudal part of the cerebral skull. a, drawn from nature; 

b, diagram. can.sem., canalis semicircularis; ¢r.o., crista occipitalis; cr.p., crista parie- 

talis; gr., groove between the canales semicirculares; l.p.-s., ligamentum parieto- 

supratemporale; m.d.m., musculus depressor mandibulae; m.i.-co.o., musculus ilio- 

costalis occipitalis; m.l.c., musculus longissimus capitis; m.o.c., musculus obliquus 

capitis; m.r.c.d., musculus rectus capitis dorsalis; m.s.c., musculus spinalis capitis; 
pr.c.l., processus caudo-lateralis; s.t., supratemporale. 


nas. s.m. 


a 17mm 


prem. prir clw trpl. tmrv d 


- Fig. 4. a. Lateral view of the bony olfactorial. capsule. b. Ventro-medial view of the 

left vomer. c. Dorso-lateral view of the right vomer. d. Dorsal view of the left septo- 

maxillare. c.l.w., caudal part of the lateral wall, formed by the dorsal directed wing 

of the septomaxillare; nas., nasale; pr.m., praemaxillare; pr.tr., processus transversus 

rostralis of the praemaxillare; s.m., septomaxillare; t.m.r.v., tendon of the musculus 
retractor vomeris; fr.pl., transverse plate of the septomaxillare. 
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dalis caudo-ventrally. A detailed description will be given later on. 

The upper jaw (figs 5 and 6) consists of many parts, movably con- 
nected with each other and with the above described part of the skull. 
Ventro-lateral to the regio ethmoidalis and movably connected with the 
praefrontale lies the maxillare (m.). The maxillare resembles a trun- 


Fig. 5. Dorsal view of the left upper jaw. a, drawn from nature; b, diagram. /.g.-pt., 

ligamentum quadrato-pterygoidale; m., maxillare; m./.pt., musculus levator ptery- 

goidei; m.p.pt., musculus protractor pterygoidei; m.7.p., musculus retractor palatini; 
pal., palatinum; pt., pterygoid; é7., transversum. 


Fig. 6. Lateral view of the left upper jaw. a, drawn from nature; b, diagram. m., 
maxillare; m.a.m.t.pt., musculus adductor mandibulae internus pterygoideus; p.f., 
poison-fang ; pal., palatinum; pt., pterygoid; tr., transversum. 
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cated prism, of which one face is directed rostro-laterally, the second 
face rostro-medially and the third caudally. The upper face is directed 
dorso-caudally and forms the articulation with the praefrontale. The 
lower face is directed ventro-caudally and bears the poison-fang (p.f.). 
A difference from the prismatic form is the fact that both the caudal 
edges curve a little inward and besides the other edges are not quite 
straight either. 

The transversum (tr.) is movably connected with the maxillare, just 
below the place where the caudal edges of the maxillare curve inward. 
The transversum is a long flat bone, directed rostro-caudally and about 
6 mm long. Rostrally it is about 2 mm broad, but halfway its length the 
breadth diminishes to about 1 mm. Caudally it lies upon the pterygoid 
(pt.), with which it is slightly movably connected in a horizontal plane. 
The articular part of the transversum has the shape of a spatula. 

The palatinum (pal.) is found 
medial to the maxillare. It is 
weakly attached to the maxil- 
lare by connective tissue and 
is only some mm long. It is a 
thin plate in the parasagittal 
plane and bears usually four 
teeth. 

Behind the palatinum and 
tightly connected with it lies the 
pterygoid. The pterygoid is a 
long bone, reaching from a 
point under the orbita to a 
point latero-caudal to the fora- 
men magnum, where it is con- 
nected with the quadratum. 

The pterygoid can be divided 
into three parts: Fig. 7. Latero-caudal view of the left quadra- 

The rostral part, as farasthe tum.a, drawn from nature; b, diagram. ¢r.q. 
place of connection with the d., crista quadrati dorsalis; /.kn., lateral knob 


transversum, has the same shape of the joint; m.c.-m., musculus cervico-mandi- 
s bularis; m.d.m., musculus depressor mandi- 


as the palatinum. The middle bulae; m.kn., medial knob of the joint; m.r.q., 
part is twice as broad as the ros- musculus retractor quadrati; sh.n., shallow. 
tral one and the caudal part short nick. 

is flat and broad in a latero- 

medial plane. This caudal part turns a little dorsalwards and does not 
bear teeth. In this part two grooves are formed. One groove, facing 
ventrally, lies medially; the other one, facing dorsally, lies laterally. 
Thus in a transverse section the pterygoid is wave-shaped. In the last 
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caudal mm the bone narrows and forms a little knob for the articula- 


tion with the quadratum, 


The quadratum (q.) is a long thin bone (figs 7 and 8), lying between 


ETE 


Fig. 8. Medio-rostral view of the left quadratum. 
a, drawn from nature; b, diagram. cr.q., crista qua- 
drati; /.kn., lateral knob of the joint; /.¢g.-m., liga- 
mentum quadrato-maxillare; /.q.-pt., ligamentum 
quadrato-pterygoidale; m.a.m.e.p., musculus ad- 
ductor mandibulae externus profundus; m.a.m.p., 
musculus adductor mandibulae posterior; m.kn., 
medial knob of the joint; m.p.g., musculus protrac- 
tor quadrati. 


the supratemporale and 
the lower jaw. It is a lit- 
tle flattened and in closed 
position of the mouth the 
lateral plane is facing la- 
tero-caudally and slightly 
dorsally. Dorsally it is 
somewhat broadened and 
flatter. The upper top is 
divided into two parts by 
a very short nick (sh.n.). 
Ventrally it forms two 
knobs serving as an arti- 
culation with the lower 
jaw. Between these knobs 
lies a saddle-like basin. 
The lateral knob (J.kn.) 
is almost round. ‘The 
medial knob (m.kn.) is 
smaller and flatter than 
the lateral one. 
Thesupratemporale (s.t.) 
isanoblong flat bone (fig. 
g). It is regular, only half- 


way the body it shows a point-shaped aun pres pean ce 


The lower jaw (1.j.) can be 
divided into four regions (figs 10 
and 11): 

1. the in transverse section 
more or less round or ellipsoid 
rod forming the ‘lower jaw itself’ 

2. the region which the teeth 
are placed in 

3. a plate-shaped extension 
on the caudal part 

4. the articulation with the 
quadratum. 

The lower jaw is slightly cur- 
ved. It is ring-shaped in a trans- 
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mm 
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Fig. 9. Dorsal view of the left supratempo- 
rale. a, drawn from nature; b, diagram. 
l.p.-s., ligamentum parieto-supratemporale; 
l.s.-gl., ligamentum supratemporale-glandu- 
lare; m.a.m.e.m., musculus adductor mandi- 
bulae externus medialis; pr.s.t., 


processus 
supratemporalis. 


verse section (fig. 44). The rostral part, bearing the teeth, is more or less 
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flattened in a latero-medial direction and curves inward rostrally. Cau- 
dally this part consists of three irregularly shaped bony elements. The 
detailed description will be given later on. 


crm. m.a.m.tp rkn m.d.m. 
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Fig. 10. Lateral view of the left lower jaw. a, drawn from nature; b, diagram. c.p., 
canalis primordialis; cr.m., crista mandibularis; dent., dentale; for.n.e., foramen nervi 
trigeminir, amus musculus externus; “gr.kn.”’, ‘““Groszknochen”’; m.a.m.e.p., musculus 
adductor mandibulae externus profundus; m.a.m.e.s.7, musculus adductor mandibu- 
lae externus superficialis 1; m.a.m.e.s.2, musculus adductor mandibulae externus 
superficialis 2; m.a.m.i.p., musculus adductor mandibulae internus pseudotemporalis; 
m.d.m., musculus depressor mandibulae; m.i.a.3, musculus intermandibularis ante- 
rior 3; m.i.a.4, musculus intermandibularis anterior 4; pr.r.-a., processus retro-articu- 
laris; r.kn., rostral knob of the joint. 


The articular surface with the quadratum is saddle-like. The knobs 
are placed before each other. Rostral to the articular surface is a flat 
extension placed on the jaw. Lateral to this extension lies the aperture 
of the canalis primordialis (c.p.). 

The part caudal to the articular surface is more or less quadrangular 
and a little curved inward (fig. 13). 

The tongue-bone consists of two long thin rods, which are rostrally 
connected. The corpus hyale is triangular and bears a rostrally directed 


processus. 
B. THE MUSCLES 


Many authors have studied the muscles of snakes. Most descriptions are 
devoted to the muscles related with the venomous apparatus (PHIsA- 
LIX, 1922; WOLTER, 1924; RADOVANOVIC, 1928, 1935; Haas, 1930,a.0.), 
or to the intermandibular muscular system (LuBoscH, 1933). There are 
no special detailed data on the muscular system in Vipera berus. 
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In this description the terminology of LaxjeR (1926) has been fol- 
lowed. 


1. Musculus adductor mandibulae externus super ficialis (figs 1, 10, 11 and 14; 
MEMES. Ty2) 

This muscle is divided into two parts. 

The first part runs as a flat bundle from the region behind the eye 
straight to the lower jaw (figs 1 and 10). It passes through the inner side 
of the curve of the second part. 

The place of attachment in the region on the cerebral skull has a 
somewhat triangular shape. From the base of the processus postorbita- 


crm. rkn. a 


ang, spl. “gr kn.” mip. ™.a.™m.p. mamipt 

m.ia3 miv+mmylsmb-m+mn-m vam 
Fig. 11. Medial view of the right lower jaw. a, drawn from nature; b, diagram. ang., 
angulare; cr.m., crista mandibularis; dent., dentale; “gr.kn.’’, ““Groszknochen”’; 1.i.m., 
ligamentum intermandibulare; m.a.m.e.s.2, musculus adductor mandibulae externus 
superficialis 2; m.a.m.i.pt., musculus adductor mandibulae internus pterygoideus; 
m.a.m.p., musculus adductor mandibulae posterior; m.b.-m., musculus branchio-man- 
dibularis; m.d.m., musculus depressor mandibulae ; m.g.-h., musculus genio-hyoideus; 
m.g.-t., musculus genio-trachealis; m.i.a.3, musculus intermandibularis anterior 35 
m.t.p., musculus intermandibularis posterior; m.i.v., musculus intermandibularis 
ventralis; m.myl., musculus mylohyoideus; m.n.-m., musculus neuro-mandibularis: 

r.kn., rostral knob of the joint; spl., spleniale. 


lis (p.p.o.) runs a smoothly curving line into a caudo-medial direction. 
This line bends about 3 mm farther caudo-laterally and ends close to 
the rostral point of the supratemporale. It is a weak imprint and forms 
the border between an almost dorsally facing part of the cerebral skull 
without any muscle attachment, and a rounded part of the cerebral 
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skull, facing laterally, to which many muscles are attached. The place 
of attachment of this first part of the musculus adductor mandibulae 
externus superficialis reaches to the turn in the border-line mentioned 
above. 

The ventral border of the place of attachment is not quite clear. The 
attachment finishes here on a line connecting the base of the processus 
postorbitalis with the most rostral point of the supratemporale. The 
fibres of the muscle do not reach the supratemporale, but end at a 4% of 
the distance from the supratemporale. 

The caudal border, the third side of the triangle, is a straight line 
lying at 4% of the distance between the processus postorbitalis and the 
supratemporale, measured from the supratemporale. 

The attachment to the whole area is musculous. The attachment to 
the smoothly curving line forming the dorsal border is rather strong, 
ventrally it is weak. The fibres are attached with acute angles. Some- 
times the attachment to the smooth line is aponeurotic. 

The place of attachment to the lower jaw is not demarcated by 
visible structures of the bone. It occupies the ventral part of the lateral 
surface of the lower jaw and reaches from a point just rostral to the 
joint between quadratum and jaw, to a point lying about 2 mm rostral 
to the foramen of the canalis primordialis (c.p.). The place of attach- 
ment is quite narrow. The attachment is aponeurotic. The aponeurosis 
is a continuation of the periost of the outer side of the jaw, and it is 
tangentially attached. The fibres of the bundle diverge a little dorsal- 
wards. In a few cases some medial fibres are musculously attached. 

The second part of the musculus adductor mandibulae externus 
superficialis runs from the connective tissue around the glandula vene- 
nata to the lower jaw (figs 10, 11 and 14). The glandula venenata 
(gl.ven.) is an oblong oval gland, covered by firm connective tissue. 

The place of attachment lies on the dorsal, the lateral and the latero- 
caudal plane of the connective tissue around the gland. An attachment 
to the medial side (WOLTER, 1924) does not occur in my material. It 
reaches rostralwards to about halfway the length of the gland; the 
position of the border-line (/.mf.) is quite variable. Ventralwards the 
place of attachment extends as far as %4 of the height of the gland. 

The attachment is musculous. 

The place of attachment to the lower jaw is not clearly determined. 
It is a line starting close and rostral to the dorsal extension of the lower 
jaw. Rostrally the line reaches the caudal tooth laterally, but it never 
crosses the border-line between the “‘Groszknochen’”’ (“‘gr.kn.”’) and the 
dentale (dent.). 

The attachment to this line is aponeurotic. The aponeurosis is formed 
by a continuation of the periost around the lower jaw. The fibres of the 
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periost diverge a little and form a V-shaped gutter, which causes a 
lateral and a medial surface aponeurosis. This situation makes it under- 
standable that WoLTER (1924) found a lateral place of attachment and 
Hacer (1906) a medial one. 

The muscle fibres, when starting from the glandula venenata, run 
parallel to each other into a caudal direction. They turn caudally 
around the gland and are further on directed rostro-ventrally. In 
closed position of the jaw the fibres run almost parallel to the jaw. The 
fibres, which converge a little near the jaw, are attached to the apo- 
neurosis. 

In some cases the way of attachment differs from the described situa- 
tion (figs 10 and 11). The fibres run on up to the lower jaw between 
both surface aponeuroses. The place of attachment consists in this case 
of a narrow area, bordered by a medial and a lateral tangential aponeu- 
rotic attachment. Between the aponeuroses the attachment is muscu- 
lous. 


2. Musculus adductor mandibulae externus medialis (figs 1 and 9; m.a.m.e.m.) 

This muscle runs from the cerebral skull and the supratemporale to 
the lower jaw and the corner of the mouth. 

The place of attachment on the cerebral skull and the supratempo- 
rale is all but restricted to that part of the weak imprint, caudal to the 
curve described at the above mentioned muscle. This imprint continues 
on the supratemporale as far as the joint with the quadratum. The 
place of attachment is very narrow and the attachment is musculous. 

On the lower jaw the muscle is aponeurotically attached to the me- 
dial plane of the aponeurosis of the second part of the musculus adduc- 
tor mandibulae externus superficialis. In the case of a musculous at- 
tachment of the forementioned muscle, the aponeurosis of the musculus 
medialis runs on to the lower jaw. Before reaching the aponeurosis of 
the musculus superficialis the aponeurosis of the musculus adductor 
mandibulae externus medialis branches off a small part to the corner 
of the mouth. 

The muscle is broad and flat. The fibres run ventrally and somewhat 
rostrally. Ventralwards the muscle becomes cylindric. Close behind the 
corner of the mouth it curves rostrally. 


3. Musculus adductor mandibulae externus profundus (figs 8, 10 and 14; 
m.a.m.e.p.) 

This muscle runs from the quadratum to the caudal part of the lower 
jaw before the articulation and to the glandula venenata. 

The border of the area of attachment of the musculus adductor man- 
dibulae externus profundus lies lateral to a crista (cr.g.), at a short 
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distance, and medial to the most lateral line of the quadratum when 
the mouth is closed. This crista (cr.g.) lies halfway the length of the 
body of the quadratum. It stands on the plane facing rostrally and is 
directed medio-rostrally. It runs parallel to the longitudinal axis of the 
quadratum. A sharp demarcation between the place of attachment of 
the musculus adductor mandibulae externus profundus and that of the 
musculus adductor mandibulae posterior, which lies between the crista 
(cr.q.) and this muscle, does not exist. The dorsal and ventral borders 
of the place of attachment are rather variable. They are formed 
by the cartilage surrounding the ventral and dorsal parts of the qua- 
dratum. It must be mentioned here that there is no attachment to the 
cartilage itself. The muscle fibres are attached to this area with almost 
right angles. 

The lower jaw shows at its caudal part a plate-shaped extension, 
directed dorsalwards and a little medially. This extension stands on the 
medio-dorsal side of the lower jaw, which is in transverse section almost 
circular or ellipsoid. In the groove between the plate-shaped extension 
and the lower jaw itself opens the canalis primordialis (c.p.). The exten- 
sion begins at 2/3 of the length of the lower jaw measured from rostrally 
and it ends in the rostral articular knob (7.kn.) on the lower jaw. The 
upper limit of the extension runs at first almost strictly dorsally, then 
turns after some mm caudalwards. A bending of the lower jaw, just 
below the rostral end of the extension, gives this extension a triangular 
or segmental form. 

The area of attachment is bounded ventro-laterally by the attach- 
ment of the musculus adductor mandibulae externus superficialis part 
1 and dorso-medially by the upper ridge of the extension mentioned 
above. Caudally the border is formed by the cartilage of the articula- 
tion and rostrally it reaches to the place of attachment of the second 
part of the musculus adductor mandibulae externus superficialis, in 
casu to the most rostral point of the extension. 

The attachment to the lower jaw is musculous. The fibres are at- 
tached to the whole area of the described part of the lower jaw, the 
groove, a little to the extension and to the dorsal ridge of the extension. 

The place of attachment on the glandula venenata is a small area 
situated ventro-caudally on the connective tissue covering the gland. 
Rostrally the muscle is divided by the ramus mandibularis nervi V into 
a lateral and a medial part. Caudally the muscle is undivided. 

About half the fibres of the latero-rostral part that arise from the 
dorsal part of the quadratum do not reach the lower jaw. These fibres 
are attached to the glandula venenata and form a firm connection 
with it. 
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4. Musculus adductor mandibulae posterior (figs 8, 11 and 15; m.a.m.p.) 

This muscle runs from the quadratum to the lower jaw. 

The area of attachment on the quadratum cannot be separated from 
the area of attachment of the musculus adductor mandibulae externus 
profundus. It reaches from close and lateral to the crista (cr.g.) on the 
quadratum to the attachment of the musculous adductor mandibulae 
externus profundus. The area is very narrow and ends ventrally near the 
joint with the lowerjaw. The attachment to the whole area is musculous. 

The area of attachment on the lower jaw occupies almost the whole 
medial plane of the plate-shaped extension of the lower jaw. There is 
no attachment to the lower jaw itself. Dorsally the area of attachment 
endsat about 1 mm distance from the upper ridge of the extension. Ros- 
trally the area begins some mm caudal to the most rostral point of the 
extension, where this extension turns a little laterally. The caudal limit 
is determined by the cartilage of the joint. 

The attachment to the whole area is musculous and occurs for the 
majority of the fibres on the most ventral part. Dorsally the fibres reach 
the lower jaw with a sharp angle, so that the fibres are attached to the 
bone at relatively great distances from each other. 


5. Musculus adductor mandibulae internus pseudotemporalis (figs 1, 10 and 15; 
m.a.m.1.p.) 

This muscle runs from the cerebral skull to the lower jaw. 

The area of attachment on the cerebral skull is very small, 0.5 x 0.1 
mm, and lies ventral to the area of attachment of the first part of the 
musculus adductor mandibulae externus superficialis. This area is not 
clearly outlined. The fibres are musculously attached. 

They run as a small bundle straight in a ventral, slightly caudal di- 
rection to the lower jaw. 

The extension of the lower jaw shows at its rostral dorsal part a crista 
(cr.m.), 4 mm long, which continues some mm rostralwards on the 
lower jaw. To this crista the muscle is aponeurotically attached. 

The fibres of the aponeurosis diverge distinctly to this extension (fig. 


15). The aponeurosis cannot be separated from the connective tissue | 


of the corner of the mouth, with which the musculus pseudotemporalis 
and the musculus medialis are both connected. 

Between the dorsal part of the musculus pseudotemporalis and the 
musculus externus run some branches of the nervus trigeminus. 


6. Musculus adductor mandibulae internus pterygoideus (figs 6, 11, 12 and 16; 
m.a.m.i.pt. and m.pt.acc.) 

This muscle runs from the transversum (ér.) and the pterygoid ( pt.) 
to the lower jaw (.j.). Besides, a little bundle of fibres is attached to the 
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connective tissue of the corner of the mouth, and to the connective 
tissue around the poison-fang. 
The most rostro-lateral point of the transversum is slightly curved 


Fig. 12. Latero-ventral view of the caudal part of the left pterygoid. a, drawn from 
nature; b, diagram. m.pt.acc., musculus adductor mandibulae internus pterygoideus 
accessorius. 


ventralwards and projects a little laterally. To this point is attached a 
tendon (t.tr.), to which two strong bundles of the muscle are attached, 
a medial (p.2) and a lateral one (p.1). 

The place of attachment on the pterygoid lies caudal to the teeth and 
along the whole breadth of the pterygoid on the ventral plane, mainly 
concentrated in the ventral groove (fig. 12). A short, big bundle is 
musculously attached to the whole plane. 


a rkn. c.kn. mdm. 


Fig. 13. Latero-dorsal view of the caudal part of the left lower jaw. a, drawn from 
nature; b, diagram. ¢.kn., caudal knob of the joint; m.d.m., musculus depressor mandi- 
bulae; p.7.-a., processus retro-articularis; r.fn., rostral knob of the joint. 
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Caudal to the teeth the pterygoid is wave-shaped in transverse 
section. It shows a medial groove, facing dorsally and a lateral one, 
facing ventrally. 

The bundles, which can clearly be distinguished in the rostral at- 
tachment of the muscle, are caudally not or hardly to be separated. 

The area of attachment on the lower jaw lies on the medial plane 
ventral to the joint. Close to the joint and ventral to it lies a groove, 
which has about the same length as the articular surface and is a little 
curved. Ventrally this groove is bordered by the round edge of the rod 
of the lower jaw itself. The ventral side of this edge is flat and is part of 
the area of attachment. Caudally the groove diminishes in depth and 
becomes a flat plane. Rostrally a separate place of attachment can be 
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Fig. 14. Dorso-lateral view of the muscles, attached to the glandula venenata. ap.m.c.- 
m., aponeurosis of the musculus cervico-mandibularis; b/.mf., most rostral borderline 
of the muscle fibres; gl.ven., glandula venenata; J. j., lower jaw; /.s.-gl., ligamentum 
supratemporale-glandulare; /.q.-m., ligamentum quadrato-maxillare; m.a.m.e.p., mus- 
culus adductor mandibulae externus profundus; m.a.m.e.s.2, musculus adductor 
mandibulae externus superficialis 2; m.a.m.i.pt., muusculus adductor mandibulae in- 
ternus pterygoideus; m.d.m., musculus depressor mandibulae; g., quadratum. 


distinguished. It lies close and ventral to the most caudal place of 
attachment of the musculus adductor mandibulae posterior. It is a very 
small, almost pointed rough place. 

The attachment to the whole area is musculous. Three all but insep- 
arable parts can be distinguished: the first part is attached in the 
groove, and is caudally connected with the second one. This second 
part is attached to the ventral plane of the lower jaw. The third part is 
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a small bundle and is attached to the small rough place, mentioned 
above. 

A small aponeurosis (ap.c.m.) inserts rostrally in the connective tissue 
of the corner of the mouth. The 
fibres of this aponeurosis diverge 
rostralwards into the connective 
tissue. 

The tendon running to the 
transversum branches off a small 
one to the connective tissue around 
the poison-fang. 

Rostrally the muscle can be divi- lj 
ded into four parts: Fig. 15. Lateral view of the musculus ad- 

The first part (p.z) is attached ductor mandibulae posterior. /.j., lower 
to the transversum with a tendon jaw; ™.a.m.1.p., musculus adductor mandi- 
(t.tr.), and the fibres are running to bulae internus pseudotemporalis; m.a.m.p., 

musculus adductor mandibulae posterior ; 
the most rostral part ofthe place of g., quadratum. 
attachment on the lower jaw. On 
a short distance from the lower jaw this part is a little narrowed and 
has formed an aponeurotic tissue on its surface. 

The tendon of the first part has a caudal continuation, to which the 


Ltr pl p2 (ype aaa 


™m.a.m.1.p. mamp gq. 


PEAS Neos 
TMT a eke 
ae} NaN 
eZ a ee 
Me ren a 


1 


—— ap.c.m p.5 mptace. elm. b, 


Fig. 16. Dorso-lateral view of the musculus adductor mandibulae internus pterygoi- 

deus. The lower jaw is bent upwards. ap.c.m., aponeurosis to the connective tissue of 

the mouth; c.t.m.b.~ connective tissue of the bottom of the mouth; l.j., lower jaw; 

m.pt.acc., musculus adductor mandibulae internus pterygoideus accessorius; p. 1, 2, 3, 
part 1, 2, 3 of the muscle; ¢.tr., tendon attached to the transversum. 


second part (p. 2) is attached. Close to the place of attachment on the 
lower jaw is this part not to be distinguished from the first part. 
The third part (p. 3) starts with an aponeurosis (ap.c.m.) in the con- 
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nective tissue of the corner of the mouth. Caudalwards it broadens and 
continues in a strong muscular bundle, running to the flat ventral plane 
of the lower jaw. The broadened part of the aponeurosis has a loose 
connection with the aponeurosis of the second part. 

The fourth part (m.pt.acc.) is often called musculus pterygoideus ac- 
cessorius (Haas, 1930, a.o.) and runs from the caudo-lateral part of the 
pterygoid. It is attached to the medial plane of the lower jaw, but more 
caudally than the third part. 

The four parts distinguished rostrally are unequally split up over the 
three bundles attached to the lower jaw. 


7. Musculus levator pterygotdet (figs 1, 2 and 5; m.l.pt.) 

This muscle runs from the region of the cerebral skull caudal to the 
orbita to the dorsal plane of the pterygoid. 

The place of attachment on the cerebral skull lies just ventro-caudal 
to and under the base of the processus postorbitalis (p.p.0.). It is not 
sharply demarcated, especially the ventral and caudal border are not 
exactly determinable. 

The fibres are attached musculously with very sharp angles and in 
the lateral part of the area of attachment they only glide over the skull 
and are connected to it with loose connective tissue. 

The place of attachment on the pterygoid lies around and caudal to 
the articulation with the transversum. A detailed description of the 
places of attachment to the pterygoid is given at the musculus protrac- 
tor pterygoidel. 

The way of attachment to the pterygoid is musculous. 

The muscle fibres are running straight from one place of attachment 
to the other. The rostral fibres are shorter than the caudal ones. 


8. Musculus protractor pterygoider (figs 2 and 5; m.p.pt.) 

This muscle runs from the ventral surface of the cerebral skull to the 
dorsal plane of the caudal part of the pterygoid. 

The place of attachment on the cerebral skull lies on the ventral 
surface caudal to the orbita and has an almost triangular shape. The 
angles of the rhomb-shaped area of the parasphenoid (p.sph.) lie in the 
median of the basis cranii and in the caudo-ventral corners of the orbi- 
tae. From the lateral angle runs a costa (co. p.sph.) straight medio-cau- 
dally to a point at a short distance from the sutura’(s.sph.) between 
para- and basisphenoid. The caudal part of this costa lies in the median, 
where the costae of both sides coincide. From the lateral angle runs also 
a crista (cr.p.sph.) into a latero-caudal direction on the latero-ventral 
surface. 


Between this crista (cr.p.sph.) at one side and the costa (co.p.sph.) at 
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the other side lies the triangular area of attachment of the musculus 
protractor pterygoidei. The caudal border of this triangular area runs 
medio-laterally and is not specially indicated. Its medial end starts just 
caudal to the caudal angle of the rhomb-shaped area. 

The places of attachment of the left and right musculus protractor 
pterygoidei don’t meet each other in the median, but are separated by 
the medial part of the costa (co.p.sph.). 

The place of attachment is a shallow fossa. 

The attachment is musculous to the whole area. 

The pterygoid (pt.) is a long bone, wave-shaped in a transverse 
section. The medial part of the pterygoid is directed medio-dorsally. 
The lateral part is directed laterally, a little dorsally. The margin is 
bent ventralwards. Thus two grooves can be distinguished. The medial 
one, between the medial and the lateral part, is facing dorsalwards. The 
second, formed by the lateral part and its margin, is facing ventral- 
wards. ‘The pterygoid has its greatest breadth at about 2 mm from its 
caudal end. Near the articulation with the transversum the grooves 
diminish gradually and the pterygoid becomes ellipsoid in a transverse 
section. 

The musculi levator and protractor pterygoidei are musculously at- 
tached to the first groove. To the second groove is attached the musculus 
adductor mandibulae internus pterygoideus accessorius, described above. 

The muscle fibresrun parallel from one place ofattachment to the other. 


9g. Musculus protractor quadrati (figs 2, 8 and 173 m.p.q.) 

This muscle runs from the ventral surface of the cerebral skull to the 
quadratum into a caudo-dorsal direction. 

The place of attachment on the cerebral skull lies on the transverse 
crista on the basisphenoid (cr.b.sph.). It extends from the base of the 
spina (sp.b.sph.) of this crista (cr.b.sph.) nearly to the processus caudo- 
lateralis (pr.c.l.). 

The attachment occurs by a short aponeurosis. 

The area of attachment on the quadratum lies medial to the area of 
attachment of the musculus adductor mandibulae externus posterior, 
between this area and the crista (cr.q.). The area is narrow and reaches 
from the articulation with the lower jaw to about halfway the small 
rostral crista (cr.g.) on the quadratum. 

The muscle is musculously attached to this area. 

The muscle bundle is flat. 


10. Musculus retractor vomeris (figs 1, 2, 4 and 17; m.r.v.) 
This muscle runs from the most ventro-caudal point of the vomer 
(v.) to the cerebral skull. 
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The palatinum is rostrally connected with the vomer (v.) and with 
the maxillare by strong connective tissue. Medial to the palatinum the 
vomer bears a short conical extension. On this extension is attached a 
little tendon (t.m.r.v.), to which the muscle fibres are attached. 

The place of attachment to the cerebral skull is the rostral part of a 
small, rather deep groove (gr./.). This groove lies close and lateral to the 


le L 


Fig. 17. a. Lateral view of the musculus protractor quadrati. b. Lateral view of the 

musculus retractor vomeris. /.q.-pé., ligamentum quadrato-pterygoidale; m.p.pt., mus- 

culus protractor pterygoidei; m.p.g., musculus protractor quadrati; orb., orbita; pt., 

pterygoid; g., quadratum; t.m.r.v., tendon of the musculus retractor vomeris to the 
vomer; v., vomer. 


triangular place of attachment of the musculus protractor pterygoidei. 
The place of attachment is a triangular area, situated in the caudo- 
ventral corner of the orbita. The attachment is musculous. 

The fibres diverge from the tendon to the cerebral skull. 


11. Musculus retractor palatini (figs 1, 2 and 5; m.r.p.) 

This muscle runs from the ventral surface of the cerebral skull to the 

palatinum (pal.). 

he place of attachment on the cerebral skull lies just caudal to the 
place of attachment of the musculus retractor vomeris (m.r.v.) in an 
shallow continuation of the groove (gr./.). This groove runs from the 
orbita to the foramen pro nervo V? between the spherical lateral wall 
of the cerebral skull and the crista of the parasphenoid (cr.p.sph.). The 
area of attachment is narrow and rather short. This area is not clearly 
outlined. 

The attachment is musculous. 

The place of attachment on the palatinum lies on the narrow caudo- 
dorsal side. In some cases it extends a short distance on both sides and 
on the rostro-dorsal side of the pterygoid. 

The attachment is musculous. 

The fibres run parallel into a ventro-rostral direction. 
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12. Musculus retractor quadrati (fig. 7; m.r.q.) 

This muscle runs from the caudo-dorsal point of the quadratum to 
the cervical region into a caudo-ventral direction. 

Close to the low crista (cr.q.d.) and ventral to it the quadratum bears 
a little crista. To this little crista is the musculus retractor quadrati 
tendinously attached. The description of an attachment to the supra- 
temporale, given by WoLTER (1924), is not right. His argument against 
KATHARINER (1900) and HacER (1906) does not hold good. 

In the cervical region the muscle is aponeurotically attached to the 
skin. 

The muscle, included the tendon, has the same length as the qua- 
dratum. 


13. Musculus depressor mandtbulae (figs 3, 7, 10, 11 and 13; m.d.m.) 

This muscle runs from the quadratum and the dorsal surface of the 
cerebral skull to the lower jaw. 

The quadratum is a long flat bone, a little broadened and flattened 
at the dorsal part. This dorsal part is divided by a shallow nick (sh.n.). 
Close to the dorsal border and ventral to it lies a low crista (cr.q.d.) on 
the lateral surface of the quadratum. This low crista forms the dorsal 
border of the piace of attachment of the musculus depressor mandibu- 
lae. The ventral border of the place of attachment is rather variable. It 
lies about 1 mm dorsal to the ventral border of the quadratum-body. 
This ventral border of the place of attachment may be determined by 
the extension of the cartilaginous capsule around the articular knobs. 

The muscle is musculously attached to the whole area. 

The place of attachment on the cerebral skull lies on a crista (cr.p.), 
running transversely on the roof between the supratemporalia. It occu- 
pies a very short medial part of the crista (cr.p.). The attachment is 
aponeurotic. 

The place of attachment on the lower jaw lies caudal to the articu- 
lation with the quadratum, on the processus retro-articularis (pr.r.-a.). 
The processus retro-articularis bends caudally a little medialwards. Its 
dorsal plane is almost quadrangular, the long sides are curved inwards. 
The surface is a little sloping medialwards. The caudal plane stands 
perpendicularly on the longitudinal axis of the lower jaw. This caudal 
plane has the shape of a rounded quadrangle. In its dorso-medial 
corner lies the foramen pro nervo faciale. 

The muscle fibres are musculously attached to the whole dorsal and 
caudal plane of the processus retro-articularis. 

The muscle is indistinctly divided into two parts. The rostral part 
runs from the quadratum to the dorsal, and partly to the caudal plane 
of the processus retro-articularis. The caudal part runs from the cere- 
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bral skull to the caudal plane of the processus retro-articularis. This 
caudal part is attached to the cerebral skull by a relatively long tendon. 
In one case the tendon was very short and the caudal bundle was a 
little broader. 


14. Musculus cervico-mandibularis (figs 7, 14 and 18; m.c.-m.) 

This muscle runs into a caudo-dorsal direction from the most ventro- 
lateral point of the quadratum to the most dorsal part of the cervical 
region. ' 

The quadratum bears two knobs for the articulation with the lower 
jaw. The lateral knob (I.kn.) is almost spherical, whereas the medial 
one (m.kn.) is a little flattened in a parasagittal plane. The most lateral 
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Fig. 18. Lateral view of the left musculus cervico-mandibularis. cerv.m., cervical 

muscles; /.q.-m., ligamentum quadrato-maxillare; m.c.-m., musculus cervico-mandi- 

bularis; m.d.m., musculus depressor mandibulae; m.n.-m., musculus neuro-mandibu- 
laris. 


point of the lateral knob serves for the attachment of a short aponeuro- 
sis (ap.m.c.-m.). The place of attachment of the aponeurosis is not sharply 
determinable, because of the tangential way of attachment and the 
continuation of the aponeurosis in the ligamentum quadrato-maxillare 
(!.g.-m.), which runs to the glandula venenata. An attachment of this 
muscle to the processus postglenoidalis of the lower jaw, as Haas (1931) 
mentions for other Viperidae, does not exist. 
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The attachment to the cervical region lies dorsal to the fifth-seventh 
vertebrae. 

The muscle is aponeurotically attached to the connective tissue con- 
necting the processus spinosi dorsales. 

The muscle fibres run parallel from one place of attachment to the 
other, only in the cervical region they diverge a little. The bundle is 
about 7-10 mm long, 2-3 mm broad and some fibres thick and it 
makes an angle of 45° with the medial plane. 


15. Musculus neuro-mandibularis (figs 11, 19 and 20; m.n.-m.) 
This muscle runs from the lower jaw to the dorsal part of the cervical 
region. 


ap.n-m.1 mnNn-m. ap.n-m.2 


m.b-™m. b1 b2 b4 b3 


Fig. 19. Lateral view of the left musculus neuro-mandibularis. ap.n.-m. 1, 2, transverse 

aponeurosis of the musculus neuro-mandibularis 1, 2; b. 1, 2, 3, 4, bundle 1, 2, 3, 4 

of the mentioned muscle; m.b.-m., musculus branchio-mandibularis; m.n.-m., muscu- 
lus neuro-mandibularis. 


The place of attachment on the lower jaw lies on the ventral ridge of 
the dentale. The place of attachment is very narrow. It extends from a 
point ventral to the third tooth to the most caudal point of the dentale. 

The attachment is aponeurotic by a strong tangential aponeurosis 
continuing on the lateral surface of the periost and strongly connected 
with it. The remaining part of this aponeurosis is part of the musculus 
branchio-mandibularis (m.b.-m.) and the musculus mylohyoideus 
(m.myl.). 

The place of attachment in the cervical region lies in the median 
dorsal to the 6th—7th vertebrae. It is a small narrow area on the con- 
nective tissue covering the cervical muscles. 

The attachment is musculous and occurs at very acute angles. The 
muscle is rather long, broad and thin. It is divided into three parts by 
two transverse aponeuroses. The first aponeurosis (ap.n.-m.1) lies rostro- 
ventrally at a short distance from the articulation of the lower jaw. The 
aponeurosis continues in the musculus branchio-mandibularis(m.b.-m.). 
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The muscle branches off two bundles from this aponeurosis: a small 
one (b.1), lying laterally and running caudalwards to the skin, and a 
second broader one (b.2), lying medially, which runs to the second 
aponeurosis. 
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Fig. 20. Ventral view of the left intermandibularis muscular system. a, ventral layer; 
b, ventral layer and a part of the musculus intermandibularis posterior removed ; 
c, a part of the musculus intermandibularis anterior 3 removed. af., aponeurosis; 
c.t.p., connective tissue plate in the bottom of the mouth; c.t.tr., connective tissue 
sheath round the trachea; /.j., lower jaw; m.b.-m., musculus branchio-mandibularis; 
m.i.a.3, Musculus intermandibularis anterior 3; m.i.a.4, musculus intermandibularis 
anterior 4; m.i.p., musculus intermandibularis posterior; m.i.v., nuusculus interman- 
dibularis ventralis; m.myl., musculus mylohyoideus; m.n.-m., musculus neuro-mandi- 
bularis; /.b., tongue-bone. 


This second aponeurosis (ap. n.-m.2) lies close to the articulation and 
ventral to it. From this aponeurosis start some fibres (b.4) into a rostro- 
ventral direction to the connective tissue wall of the pharynx. 

A third, broad bundle (6.3) starts from this aponeurosis into a caudal 


direction and ends in a cervical muscle on the same level as the 8th 
vertebra. 
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16. Musculus branchio-mandibularis (figs 11 and 20; m.b.-m.) 

This muscle runs from the lower jaw to the ventro-lateral side of the 
body, on the level of the 5th—6th rib. It runs almost parallel with the 
musculus neuro-mandibularis (m.n.-m.) and joins this muscle on its 
ventro-medial side. 

The attachment to the lower jaw occurs by means of the common 
aponeurosis described at the musculus neuro-mandibularis, just rostral 
to the place of attachment of that muscle. 

The place of attachment on the ventral side of the body lies on the 
connective tissue covering the muscles between the ribs. The demar- 
cation of this area is unsharp and very variable. 

The attachment is musculous. 

The muscle fibres run parallel. The muscle is long, broad and flat 
and divided into two parts by the first transverse aponeurosis (ap.n.-m. 
1) described above. 


17. Musculus mylohyoideus (figs 11 and 20; m.myl.) 

This muscle runs from the lower jaw to the tongue-bone. 

The attachment to the lower jaw occurs by means of the common 
aponeurosis described at the musculus neuro-mandibularis, rostral to 
the place of attachment of the musculus branchio-mandibularis. 

The attachment to the tongue-bone (¢.b.) occurs by means of the 
perichondrium. 

The muscle runs parallel with the musculus branchio-mandibularis, 
and that rostro-medial to it. It cannot clearly be distinguished from the 
musculus branchio-mandibularis (m.b.-m.) and the musculus inter- 
mandibularis ventralis (m.z.v.). 

In some cases the bundle could be separated into three parallel 
bundles, lying close together. It is possible that this separation may be 
caused by the different angles at which the muscle fibres are attached. 

In one specimen a superficial part of the fibres of the musculus mylo- 
hyoideus ran on ventral to the tongue-bone. The fibres from both sides 


met each other in the median. 


18. Musculus intermandibularis (figs 10, 11 and 20; 1.4.3, m.1.d.4, M.U.p., 


mM.1.0.) 
This muscle consists of four bundles, running into different directions 


and attached to different places. 

The first part is the musculus intermandibularis ventralis (m.2.v.), 
which runs from the lower jaw to the connective tissue in the median 
line ventral to the trachea. 

The attachment to the lower jaw occurs by means of the aponeurosis 
described at the musculus neuro-mandibularis. 
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The connective tissue in the median is connected with the trachea. 

The muscle fibres run into a caudo-medial direction. Rostralwards 
the amount of muscle fibres diminishes to the place where only the 
connective tissue remains. 

The muscle lies rostral to the musculus mylohyoideus and cannot 
clearly be distinguished from it. Many authors (Horrmann, 1890; 
LusoscH, 1933) describe both muscles as a single one. 

The second part is the musculus intermandibularis posterior (m.1.p.), 
which runs from the lower jaw to the median line into a rostro-medial 
direction. 

The place of attachment on the lower jaw lies about halfway the 
length on the medio-ventral surface; it is a small oval spot without 
sharp demarcations. 

The way of attachment is musculous and occurs at acute angles. 

The place of attachment in the median lies on a connective tissue 
plate (c.t.p.), forming a sheath round the tongue and connected with the 
tongue-bone. 

In some cases the fibres of the muscles from both sides meet each 
other in the median. Sometimes the muscle ends in an aponeurosis 
connected with the third part of the musculus intermandibularis 
(m.1.a.3) 

The third and the fourth part together form the musculus interman- 
dibularis anterior. The third part (m.i.a.3) runs from the most rostral 
point on the latero-ventral plane of the lower jaw caudalwards to the 
median. 

The most rostral part of the lower jaw is bent inwards. The place of 
attachment lies partly on the lateral surface of the lower jaw, partly on 
a connective tissue plate lying ventral to the fourth part. This connec- 
tive tissue plate is connected with the ligamentum intermandibulare 
and forms a part of the bottom of the mouth. The attachment to the 
lower jaw is not sharply demarcated, because of the tangential connec- 
tion with the periost. The attachment to the connective tissue may be 
considered as an aponeurotic one. The fibres run caudally, almost 
parallel to the rostral part of the lower jaw. 

The place of attachment in the median lies on the connective tissue 
plate connected with the trachea. This plate is extended from a point 
some mm caudal to the ligamentum intermandibulare, to a point dor- 
sal to the place of attachment of the second part, by which it is ven- 
trally a little covered and hardly to be separated from it. The attach- 
ment is very loose. Both parts are connected by the aponeurosis de- 
scribed at the second part. 

The fibres of the third part start almost in one point, diverge strongly 
caudalwards and then run parallel caudally. Consequently the medial 
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fibres run with a little bow into a direction from lateral to medial, 
whereas the lateral fibres run almost straight caudalwards. 

The fourth part (m.2.a.4) runs from the lower jaw and the ligamen- 
tum intermandibulare to the median. 

The place of attachment on the lower jaw lies on the narrow ventro- 
rostral surface. The attachment is musculous. 

The place of attachment in the median is almost point-shaped, and 
lies about 2 mm caudal to the ligamentum intermandibulare. The 
fibres converge strongly and form a narrow bundle, which covers the 
glandula submaxillaris ventrally. 


19. Musculus genio-hyoideus (figs 11 and 21; m.g.-h.) 

This muscle runs from the lower jaw to the connective tissue around 
the musculus hyoglossus. 

The place of attachment to the lower jaw lies just dorso-medial to the 
place of attachment on the third part of the musculus intermandibula- 
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Fig. 21. Ventral view of the tongue. gl.subl., glandula sublingualis; gl.subm., glandula 

submaxillaris; l.7.m., ligamentum intermandibulare; /.j., lower jaw; m.g.-h., musculus 

genio-hyoideus; m.g.-t., musculus genio-trachealis; m.hg., musculus hyoglossus; 1.5., 
tongue-bone; LX, nervus glossopharyngeus. 


ris on the medial plane of the lower jaw. The area lies close to the ven- 
tral border of the jaw and shows no special demarcations on the bone. 
The attachment is musculous. 

The very long and thin muscle runs straight caudalwards to the con- 
nective tissue around the musculus hyoglossus (m.hg.) and cannot 
macroscopically be distinguished from this connective tissue. The at- 
tachment may be considered a musculous one. 


20. Musculus genio-trachealis (figs 11 and 22; m.g.-t.) 
This muscle runs from the lower jaw to the trachea. 
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The place of attachment on the lower jaw lies just caudal to the place 
of attachment of the musculus genio-hyoideus. It is a small narrow area 
without any clear demarcations on the bone. The attachment is mus- 
culous. 

The place of attachment to the trachea is a small area on the lateral 
side of the 3rd—6th tracheal 
cartilaginous rings. The atta- 
chment is musculous. 

The fibres of this small thin 
muscle run straight from one 
place of attachment to the 
other. 


21. Musculus tracheo-hyoideus 
(fig. 22; m.t.-h.) 

This muscle runs from the 
bottom of the mouth and the 
connective tissue medial to the 
musculous branchio-mandi- 
Fig. 22. Ventral view of the muscles to the bylaris to the trachea. The 


trachea. a, musculus genio-trachealis; b, mus- attachment toahie fracienoc 


culus tracheo-hyoideus, c.t.m.b., connective tis- isi ee 
sue in the bottom of the mouth; gi., glottis, CUrS Musculously to the Urst 


l.i.m., ligamentum intermandibulare; /.j., lower and the second cartilaginous 
jaw; m.g.-t., musculus genio-trachealis; m.t.-h., ring, close and rostro-dorsal to 
musculus tracheo-hyoideus; ¢.b., tongue-bone. the place of attachment of the 


musculus genio-trachealis. 


22. Musculus hyoglossus (fig. 21; m.hg.) 

The tongue is about 4 cm long, i.e. twice the length of the skull. The 
tongue consists of the paired musculus hyoglossus over the whole length. 
For the greater part the muscles of both sides are connected by a strong 
tissue covering the muscle. The rostral part is free and forms the bifur- 
cated tongue of the snake. The most caudal parts are also free from each 
other and are both connected with a horn of the tongue-bone. The 
whole caudal half is laterally covered by the musculus genio-hyoideus 
(m.g.-h.) 

The whole musculus hyoglossus and the tongue-bone lie in a con- 
nective tissue sheet. 


23. Musculus spinalis capitis (figs 3 and 23; m.s.c.) 

This muscle runs from the supraoccipitale to the cervical region 
dorsal to the fifth up to and including the thirteenth vertebra. 

The dorsal surface of the occipital region lies on a more ventral level 
than that of the remaining cerebral skull. This surface of the occipital 
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region has an almost triangular shape. The basal side of this triangle is 
formed by the straight, sharp, caudal edges of the exoccipitalia. The 
other sides, which run from caudo-lateral to rostro-medial are formed 
by cristae (cr.o.) on the exoccipitale and the supraoccipitale. The top 
of the triangle reaches the superficial demarcation between the parie- 
tale and the supraoccipitale in the median. Many times the standing 
sides of the triangle are a little lobed, in that way that the two caudal 
lobes are of the same length and the rostral one has about half this 
length. The shape of the sides, however, is very variable in this respect. 
The basal angles of the triangle are invaginated. 

The attachment of the musculus spinalis capitis occurs aponeuroti- 
cally to the rostral lobe of the crista (cr.o.). 

The muscle fibres start from the ventral plane of the aponeurosis. 
The attachment in the cervical region occurs partly to the most rostral 
tendon of the musculus spinalis, partly to the con- 
nective tissue between the processus spinosi dor- 
sales (pr.sp.d.). The connective tissue between these 
processus cannot macroscopically be distinguished 
from the tendines and fasciae of the musculus 
spinalis. 


24. Musculus longissimus capitis (fig. 3; m.l.c.) 

This muscle runs from the supraoccipitale and 
the exoccipitale to the caudal region of the body. 

The attachment to the occipitalia occurs apo- 
neurotically to the rostral and partly to the caudal 
lobe of the crista (cr.o.), mentioned above. The 
muscle fibres start from the ventral plane of the 
aponeurosis. The muscle runs on straight to the 
cauda. The fascia of the muscle is connected with 
the dorsal surface of the vertebrae, same as the 
fascia of the other dorsal muscles. 


ye F wuts . a Fig. 23. Dorsal view of 
25. Musculus ilio-costalis occipitalis (fig. 3; m.2.-co.0.) Meet Raline Sebel 


This muscle runs from the exoccipitale to the Si halen pmeactesiavites 
cauda. sis; pr.sp.d., processus 
The place of attachment on the exoccipitale lies _spinosus dorsalis. 

on the caudo-lateral part of the crista (cr.o.). 

The attachment is aponeurotic. The muscle fibres start from the 
ventral plane of the aponeurosis and run a little medio-dorsalwards. 
They run on as far as the cauda, dorsally along the processus transversi 
and laterally along the processus spinosi dorsales. 


4.20 iPS DULLEMEIJER 


26. Musculus rectus capitis dorsalis (fig. 3; m.r.c.d.) 

This muscle runs from the occiput to the second vertebra. 

The place of attachment on the occiput lies on the flat triangular 
area caudal to the lobed crista (cr.o.). A narrow part of this area, just 
caudal to the crista (cr.o.), is facing caudally. The place of attachinene 
occupies this part caudal to the first and second lobe in the crista (¢cr.0.). 

The attachment is musculous. 

The area of attachment to the second vertebra is almost point-shaped. 
It lies on the latero-dorsal side of the processus spinosus dorsalis. 

The attachment is musculous. 

The muscle fibres converge from the occiput towards the second ver- 
tebra. Rostrally there is much loose connective tissue between the fibres. 


27. Musculus obliquus capitis (fig. 3; m.o.c.) 

This muscle runs from the occiput to the third and fourth vertebra. 

The place of attachment on the occiput lies on the part facing cau- 
dally and extends from the area of attachment of the musculus rectus: 
capitis dorsalis to the latero-caudal corner of the dorsal surface of the 
cerebral skull. There exists no sharp demarcation between the place 
of attachment of this muscle and that of the forementioned one. 

The attachment is musculous. 

The places of attachment in the cervical region lie on the lateral 
surfaces of the processus spinosi dorsales of the third and fourth vertebra. 

The attachment is musculous. 

The fibres run parallel from the occiput into a caudo-medial direc- 
tion. In the cervical region the fibres of the musculus obliquus cervicis, 
starting from the vertebrae, join the fibres of the musculus obliquus. 
capitis and constitute the whole musculus obliquus. 


28. Musculus longissimus colli lateralis (figs 2 and 24; m.l.c.l.) 

This muscle runs from the occiput caudalwards through the whole 
body. 

The place of attachment lies on the most lateral processus (pr.c.l.) of 
the transverse crista (cr.b.sph.) on the basisphenoid. The place of attach- 
ment lies between the place of attachment of the aponeurosis of the 
musculus rectus capitis ventralis minor (m.r.c.v.mi.) and that of the 
aponeurosis of the musculus ilio-costalis occipitalis (m.i.-co.0.). 

The attachment is aponeurotic. The fibres start from the dorsal 


surface of the aponeurosis and run on along the latero-dorsal side of the 
body. 


29. Musculus rectus capitis ventralis major (figs 2 and 24; m.r.c.v.ma.) 
This muscle runs from the ventral spina (sp.b.sph.) on the basisphe- 
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noid to the hypapophyses of the first to and including the tenth ver- 
tebra. 

The muscle is aponeurotically attached to the spina (sp.b.sph.). 

The attachment in the cervical region occurs principally to the con- 
nective tissue between the hypapophyses. Every hypapophysis is con- 
nected with the next one by a paired band of connective tissue, lying 
paramedially. The band is extended up to 
the vertebral body. The muscle is for the 
greater part musculously attached to the hy- 
papophysis, but also to the connective tissue. 

The fibres run almost straight from one 
place of attachment to the other, which con- 
sequently shows the fibres that are attached 
more rostrally as the shorter ones. 


30. Musculus rectus capitis ventralis minor (figs 2 
and 243 m.1.c.v.mi.) 

This muscle runs from the occiput to the 
cervical region, from the first to and inclu- 
ding the fifth vertebra. Sometimes the muscle Fig. 24. Ventral view of the 
cannotclearly be distinguished from the mus- ventral cervical muscles. The 
culus rectus capitis ventralis major. Star hee nei 

Thewrostralbordcr of the place ot atiach- a oneurasis;i7.l.c/.panuseulis 
ment on the occiput is the cristaon the basis- longissimus colli lateralis; 
phenoid (cr.b.sph.) mentioned above. The m™.r.c.v.ma., musculus _ rectus 
caudal borderis formed by the foramen mag- ©@P!"S esa cee ; ates 
num. Laterally the place of attachment ends ee aot 2p ee ar 
on the medial basal part of the processus 
caudo-lateralis (pr.c.l.). Medially it reaches the median. The place of 
attachment on the occiput is facing caudo-ventrally. 

The attachment is musculous, except that to the processus caudo- 
lateralis, which is aponeurotic. 

The place of attachment to the vertebrae lies just dorsal to the mus- 
culus rectus capitis ventralis major, on the hypapophyses and the con- 
nective tissue between these processus. The attachment occurs from 
the first up to and including the fifth vertebra. On the first and the 
second vertebra the attachment reaches the pleurapophysis. 

It must be observed that the musculus rectus capitis ventralis minor 
as well as the musculus rectus capitis ventralis major consist of flat 
bundles, which are only attached to the most ventro-lateral parts of the 
hypapophyses. The space between the lateral plane of the hypapo- 
physis and the parapophysis is occupied by the musculus longus colli, 
which does not reach the epistropheus, but starts at the third vertebra. 


422 P. DULLEMEIJJER 


The same space at the atlas and the epistropheus is occupied by the 
musculus rectus capitis ventralis minor. 


Cc. THE LIGAMENTS 


1. Ligamentum quadrato-maxillare (figs 1, 8, 14, 18, 25 and 26; /.q.-m.) 
This ligamentum runs from the latero-ventral knob of the quadratum 
to the maxillare. 
The place of attachment on the quadratum lies on the most lateral 
point of the latero-ventral knob that serves as the articulation with the 
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Fig. 25. Lateral view of the left ligamentum quadrato-maxillare in situ. d.ven., ductus 

venenatus; gl.H., glandula Harderiana; gl.ven., glandula venenata; gl.ven.acc., glan- 

dula venenata accessoria; /./., ligamentum to the corner of the mouth; l.¢.-m., liga- 

mentum quadrato-maxillare; m., maxillare; m.a.m.e.p., musculus adductor mandibu- 

lae externus profundus; m.a.m.e.s.2, musculus adductor mandibulae externus super- 
ficialis 2; p.p.o., processus postorbitalis. 


lower jaw. The ligamentum cannot clearly be distinguished from the 
aponeurosis of the musculus cervico-mandibularis (figs 14 and 18) and 
though it is a tangential attachment, it is yet a very firm one. 

The ligamentum runs rostralwards, where it is connected with the 
connective tissue around the glandula venenata (gl.ven.). 

Before reaching the bag of the glandula, it branches off a part which 
runs to the corner of the mouth: the ligamentum laterale (fig. 25; /./.) 
(WOLTER, 1924). 

The ventral part of this bag can be distinguished from the continua- 
tion of the ligamentum by the firmer and glittering tissue of that liga- 
mentum. The rostral end of the ligamentum, running rostral to the 
glandula Harderiana (g/.H.), reaches the processus postorbitalis (p.p.0.) 
at its ventral point. It is broadened when extending around this point, 
fades into the periost and continues much narrower rostralwards. 


THE HEAD OF THE COMMON VIPER 423 


The ligamentum is firmly attached to the maxillare to one point 
mainly, the most rostro-lateral point. The attachment to the lateral 
plane of the maxillare is weaker and tangential. 

The most rostral part of the ligamentum, running from the processus 
postorbitalis tothe maxillare, 
is often called ligamentum 
orbitale (HAAs, 1930). 


2. Ligamentum supratemporale- 
glandulare (figs g and 14; 
l.s.-gl.) 

This ligamentum runsfrom 
the lateral ridge of the supra- 
temporale to the connective 
tissue bag of the glandula 
venenata. 

The flat supratemporale 
bears on its crista-like lateral 
ridge a pointshaped proces- 
sus (pr.s.t.) at a short distan- 
ce from its caudal end. This Fig. 26. Rostral view of the left maxillare. a, 
processus forms the rostral drawn from nature; b, diagram. U.m.-p.l., liga- 
border of the articulation mentum maxillo-praefrontale laterale; l.m.-p.m., 


with the quadratum. The li- ligamentum maxillo-praefrontale mediale; 1.q.- 


; m., ligamentum quadrato-maxillare; p.f., poison- 
Bo attached to the fang; pr.m.l., processus maxillaris lateralis; 


ventro-rostral ridge of the pr.m.m., processus maxillaris medialis. 
processus. 

The attachment of the ligamentum cannot macroscopically be dis- 
tinguished from the capsule of the articulation between the supratem- 
porale and the quadratum. 

Rostralwards the ligamentum is broadened and medially connected 
with the most dorso-caudal part of the bag around the glandula vene- 
nata. The fibres of the ligamentum diverge into the connective tissue 


of the bag. 


3. Ligamentum quadrato-pterygoidale (figs 5, 8 and 17; l.g.-ft.) 

This ligamentum runs from the distal part of the quadratum to the 
caudo-dorsal part of the pterygoid. 

The place of attachment on the quadratum lies between the cartilage 
surrounding the medial articular knob (m.kn.), and the place of at- 
tachment of the musculus protactor quadrati (m.p.q.). The ligamentum 
is short and runs straight ventrally to the dorsal plane of the pterygoid. 
Here it is attached to a spot between the place of attachment of the 
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musculus protractor pterygoidei and the cartilage surrounding the ar- 
ticular knob of the pterygoid. 

The ligamentum is hardly to be distinguished from the cartilage of 
that articular khob, nor from that of the articular knob of the quadra- 
tum. 


4. Ligamentum parieto-supratemporale (figs 3 and 9; l.p.-s.) 

This ligamentum runs from the latero-caudal part of the parietale to 
the medial ridge of the supratemporale. 

The supratemporale (s.t.) lies in a triangular groove (gr.), as describ- 
ed above. This groove is medially bordered by a crista (cr.p.) of the 
parietale, running from rostro-lateral to caudo-medial. At a short 
distance from the place of attachment of the cervical muscles (descrip- 
tion see above) the crista (cr.p.) turns medialwards. The place of at- 
tachment of the ligament lies on this crista (cr.p.) from the articular 
surface of the supratemporale to close to the median. 

The supratemporale is a long flat bone (description above). The liga- 
mentum is attached to the whole crista-like medial ridge. 

The rostral part of the igamentum is very short, whereas the caudal 
part is lengthened and has a triangular shape, as a consequence of the 
great distance between the caudally extending part of the supratempo- 
rale and the parietal crista (cr.p.). 


5. Ligamentum maxillo-praefrontale laterale (figs 1, 26 and 27; l.m.-p.l.) 

This ligamentum runs from the latero-caudal ridge of the maxillare 
to the latero-caudal ridge of the praefrontale. 

The maxillare is a triangular prismatic bone, of which the lateral and 
the medial rib are invaginated about halfway the longitudinal. axis. 
Ventral to these invaginations the maxillare is somewhat broadened in 
a latero-medial direction, so that each of the two ribs bears a processus. 
The processus on the lateral rib (pr.m.l.) has a triangular shape. 

The ligamentum is attached to the dorsal crista-like ridge of this 
triangular processus of the lateral rib (pr.m.l.). The praefrontale is an 
almost circular bone in a caudal view. It is more or less disk-shaped, so 
that the lateral face has a caudal as well as a rostral crista-like ridge 
(cr.pf.c. resp. cr.pf.r.). 

The ligamentum is attached to the whole caudal crista-like ridge 


(cr.pf.c.) of the lateral face. It is a thin band of the same breadth all over 
the length. 


6. Ligamentum maxillo-praefrontale mediale (figs 26 and 28; I.m.-p.m.) 
This ligamentum runs from the medio-caudal ridge of the maxillare 
to the ventral ridge of the praefrontale. 
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The medial rib of the maxillare shows a quadrangular processus 
(pr.m.m.). The ligamentum is attached to the dorsal crista-like ridge of 
this quadrangular processus. 

In a caudal view the praefrontale is a circular bone (see above), of 
which the ventral side is somewhat straightened. In a parasagittal 


nas. mb.ethm. pr fr fr los. par 


—— sf — 


prm. nostril m. 


lm-pl. mb.o. for opt si. p.p.o. 


imm 


Fig. 27. Lateral view of the membranes and ligaments in the left olfactorial and orbi- 

tal region. fr., frontale; for.opt., foramen opticum; /.m.-p.l., ligamentum maxillo-prae- 

frontale laterale; /.0.s., ligamentum orbitale superior; m., maxillare; mb.ethm., mem- 

brana ethmoidalis; mb.o., membrana orbitalis; nas., nasale; par., parietale; p.p.o., 

processus postorbitalis; pr. fr., praefrontale; pr.m., praemaxillare; s.7., septum inter- 
orbitale. 


section this ventral part of the praefrontale has a triangular shape. 
The ligamentum is attached to the medial half of the ventral ridge of 
this ventral part. 


7. Ligamentum orbitale superius (fig. 27; 1.0.5.) 

This ligamentum runs from the latero-caudal ridge of the praefron- 
tale and the lateral ridge of the frontale to the rostral ridge of the 
processus postorbitalis in the orbita. 

On the latero-caudal ridge the praefrontale bears a small spina on 
the spot where the lateral surface of this bone turns over into the dorsal 


426 P. DULLEMEIJER 
surface. In many cases the sutura with the frontale coincides with this 
spina, so that this spina is partly built on the praefrontale, partly on the 
frontale. 

The ligamentum is attached to this spina. 

The postorbitale has on its rostral sharp ridge at a short distance 
dorsal to its centre a small extension, directed rostralwards. 

The thin ligamentum is attached to this short extension. 


8. Ligamentum intermandibulare (figs 11, 21 and 29; l.1.m.) 

The ligamentum intermandibulare runs from one lower jaw to the 
other one. It is attached on both sides to the most rostro-medial point 
of the jaw. It is a thin, strong ligamentum and it has in the median a 
plate-formed extension, thus forming a strong connection with the 


glandulae submaxillares et lingualis. 


D. THE MEMBRANES : 


Many elements consisting of connective tissue can be distinguished. 


“1mm 


Fig. 28. Ventral view of the 
left orbital region. The 
transversum and the ma- 
xillare are moved rostro- 
dorsalward to show the li- 
gamentum maxillo-prae- 
frontale mediale. fiart., 
connective tissue fibres in 
the joint between maxillare 
and praefrontale; /.m.-p.m., 
ligamentum maxillo-prae- 
frontale mediale; m., ma- 
xillare; pr.fr., praefrontale; 
tr,, transversum. 


They don’t belong to the elements described 
so far and show a great difference in appea- 
rance, é¢.g. septa, articular capsules, fontanella- 
membranes, eic. Some of them will be described 
now in this chapter. Others will be described 
in the chapters devoted to the parts where they 


' belong to. 


"1. Membrana orbitalis (fig. 27; mb.o.) 


This membrane occupies the area between 
the ligamentum orbitale superius and the fron- 
tale. It is attached to the latero-dorsal ridge of 
the frontale and forms the lateral part of the 
dorsal wall of the orbita. 

Rostro-ventral to the ligamentum orbitale 
superius the membrane continues along the cau- 
dal side of the ligamentum maxillo-praefrontale 
laterale. Ventrally the membrane reaches the 
ligamentum orbitale. The membrane forms to- 
gether with the ligaments just mentioned the 
dorsolateral wall of the orbita. 


2. Septum interorbitale (figs 2 and 27; 5.1.) 
This septum forms the medial and the ven- 


tral wall of the orbita. It is attached to the crista directed laterally 
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(cr.p.sph.) on the parasphenoid and the one directed medio-ventrally on 
the caudal surface of the praefrontale. Laterally it reaches the base of 
the poison-fang and the rim of the mouth. 

Ventrally it joins the connective tissue of the roof of the mouth, with 
which it has a loose connection. 

It must be remarked that the septum is paired. A small gutter is left 
between the septa of both sides. 


E. THE ARTICULATIONS 


The great movability of the different parts of the viper’s skull justifies 
a separate description of the joints. 


1. Articulation between the cerebral skull and the supratemporale (figs 1 and 3) 

The roof of the cerebral skull has latero-caudally a triangular shallow 
groove (gr.), bordered by the bony capsules of the canales semicircula- 
res (can. sem.). In the groove run some small bloodvessels, which are 
covered by a cartilaginous tissue containing many fibrils. The same 
tissue is found around the rostral half of the supratemporale (s.t.). 

The elements covered with cartilage form the articular surfaces. 
Dorsalwards the cartilaginous tissues of both elements change into the 
periost of the cerebral skull. Ventrally there exists also a connection 
with the periost, but this connection is weaker. 

The ligamentum parieto-supratemporale (J.p.-s.) arises also from 
this cartilaginous tissue. 


2. Articulation between the supratemporale and the quadratum (figs 7, 8 and 9) 
The articular surface on the supratemporale lies on the dorsal surface 
of the ventro-caudal part. It occupies the area between the processus 
(pr.s.t.) and the caudal end. The surface is more or less concave and 
covered with the same kind of cartilaginous tissue as that of the rostral 
part. 
The quadratum bears on its flat upper part dorsal to the small crista 
(cr.q.d.) a thick layer of cartilage. This layer is thicker on the medial 
than on the lateral surface of the quadratum. Moreover the medial 
cartilaginous layer reaches more ventralwards than the lateral one. The 
flat medial surface forms the articular surface. 

The breadth of the flat upper part of the quadratum is about half the 
breadth of the articular surface on the supratemporale, and the socket 
around this articulation is loose, so that there can be a large space 
between the articular surfaces. This socket is a continuation of the 


outer fibrillous layer of cartilage. 
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3. Articulation between the quadratum and the lower jaw (figs 7, 8, 10 and 11) 

The quadratum bears on its ventral end two knobs, a lateral one 
(l.kn.) and a medial one (m.kn.), which leave a saddle-like excavation 
between each other. 

The lateral knob is hemispherical in a lateral view. Its surface passes 
gradually into the surface of the body of the quadratum. 

The medial knob is shorter than the lateral one and is somewhat 
flattened in a medio-lateral direction. The knobs, the saddle-like exca- 
vation and a part of the quadratum itself are covered by an even layer 
of cartilage. 

The articular surface is formed by the saddle-like excavation. 

The lower jaw bears also two similar knobs, resembling those on the 
quadratum: a rostral knob (r.kn.) and a caudal one (c.kn.). They are 
placed rostrally and caudally and are partly inserted in the lower jaw. 
The knobs have sharper tops than those on the quadratum, and show 
also a saddle-like excavation between them. This saddle-like excavation 
is covered with a layer of cartilage which forms the articular surface. 
Both saddle-like surfaces are placed cross-wise on each other. 

The socket around the articulation, which is a continuation of the 
fibrillous layer of the cartilage of both elements, is rather firm. 


4. Articulation between the quadratum and the pterygoid (figs 5, 6, 7, 8 and 17) 

The medial face of the medial knob (m.kn.) on the quadratum is flat 
and covered with an even layer of cartilage. 

The pterygoid bears on its most caudal point a small spherical knob, 
of which the lateral face is flat and covered with an even layer of car- 
tilage. 

Both flat faces form the articulation. The socket is very thin and loose. 

There exists in osteological sense no firm connection between the 
quadratum and the pterygoid (TH1Lo, 1900). However, an utter inde- 
pendence as VERsLuys (1936) states, does not exist either. The argu- 
ment for a loose connection, that the maxillaria of both sides can be 
moved alternatively (PHisaLix, 1922), does not hold good. 


5. Articulation between the pterygoid and the transversum (figs 5 and 6) 

The pterygoid can be divided into a rostral narrow part and a caudal 
broad part (description see above). On the place where the rostral part 
fades into the caudal one, the pterygoid shows on its dorsal surface a 
slight excavation. This excavation forms the articular surface. 

The transversum has caudally a spatula-shaped broadening: flat on 
its ventral surface, somewhat convex on the dorsal one. The ventral 
surface forms the articular face. 


Both surfaces are connected by a firm connective tissue layer of the 
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same thickness as each of the bones. Between the surfaces the fibres of 
this connective tissue layer stand perpendicularly to them. Along the 
borders of the faces they surround them and continue in the periost. 


6. Articulation between the transversum and the maxillare (figs 5 and 6) 

The rostral part of the transversum is broad in a latero-medial direc- 
tion and flattened in a dorso-ventral direction. The rostral border is a 
latero-medially directed straight line. This rostral border bears an 
oblong knob-shaped thickening, covered with a thin layer of cartilage 
and forming the articular plane on the transversum. 

The maxillare has about 1 mm dorsal to the basis of the poison-fang 
on its caudal surface an oblong round groove. This groove is dorsally 
and ventrally bordered by cristae. The surface of the groove is covered 
with a thin layer of cartilage. It forms the articular plane. 

The socket around the articulation is very firm. Running from the 
transversum it may be considered a continuation of the periost. On 
the maxillare it is attached to the cristae and there it continues also in 
the periost. 


7. Articulation between the maxillare and the praefrontale (figs 2 and 28) 

The slightly broadened dorsal end of the maxillare has on its caudal 
surface a more or less triangular area, which forms the articular sur- 
face. The area is somewhat concave. 

The praefrontale has a quadrangular area on the surface facing 
rostro-ventrally. This area is rather broad in a latero-medial direction 
and narrow in a rostro-caudal direction. The articular surface lies on 
the very lateral part of this quadrangular area. It occupies about half 
its surface and is somewhat convex. 

Both articular faces are connected by a strong cartilaginous tissue 
with many fibrils (fig. 28). These fibrils run almost perpendicularly to 
these faces. 

The articulation is surrounded by connective tissue, which continues 
in the periost of both parts. The articulation is rather firm, but looser 
than that between the pterygoid and the transversum. 


F. THE GLANDS 


The glands have been subjects of description of many authors (Fonra- 
NA, 1781; REICHEL, 1883; PHIsaLix, 1922; WOLTER, 1924, a.0))s) FOF 
detailed histological data may be referred to them. Some general facts 
may be mentioned for this investigation. 


1. Glandula venenata (figs 14, 25 and 46; gl.ven.) 
This gland lies close under the skin, in the area between the orbita and 
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the quadratum. The glandula venenata is in a lateral view an almost 
triangular gland with rounded angles. In cross section it is nearly circu- 
lar, being somewhat flattened in a latero-medial direction. The caudo- 
ventral corner shows a caudalwards directed lobe. 

The general shape is rather variable, which may be due to the pre- 
servation method. 

Rostro ventrally the gland turns overinto the ductus venenatus(d.ven.), 
which runs medial to the ligamentum quadrato-maxillare (/.g.-m.) and 
just ventral to the glandula Harderiana (gl.H.) and the eye to the 
maxillare (m.) The ductus runs just dorsal to the transversum and 
passes the maxillare (fig. 26) laterally over the triangular processus 
(pr.m.l.) into a rostro-ventral direction. It ends in the dorsal opening of 
the canal of the poison-fang (p.f.). Just caudal to the maxillare, be- 
tween the eye and the transversum, the ductus has a thickening, formed 
by a small gland, the glandula venenata accessoria (gl.ven.acc.) (WOL- 
TER, 1924; RADOWANOVIC, 1928). 

The glandula venenata and the ductus venenatus are surrounded by 
a connective tissue bag, to which are attached the musculus adductor 
externus superficialis 2 (m.a.m.e.s.2), the musculus adductor externus 
profundus (m.a.m.e.p.), the ligamentum quadrato-maxillare (l.g.-m.) 
and the ligamentum supratemporale-glandulare (/.s.-gl.). 

The interior of the gland (fig. 46) is divided into three or four parts 
by connective tissue plates, which lie in a latero-medial plane. Against 
these connective tissue plates smaller plates are found, surrounding 
holes and tubes. Along the walls of these holes and tubes lie the small 
glandular cells (see also fig. 163 in FAHRENHOLZ, 1937). 

The glandula venenata accessoria consists of small tubes, which 
empty themselves into the ductus venenatus. 


2. Glandula Harderiana (fig. 253 gl.H.) 

This gland lies caudal and ventral to the eye. 

The main part is situated caudal to the orbita. The somewhat lobed 
gland is more or less quadrangular in a lateral view. In cross section it 
is circular, 

Rostro-ventralwards it narrows and occupies the caudo-ventral cor- 
ner of the orbita. The form of this part is sickle-shaped in transverse 
section. The concave side of this rostro-ventral part joins the eye, the 
convex side joins the roof of the mouth and the pterygoid. Still rostral- 
wards, running between the eye and its muscles, it is a tube. Rostro- 
ventral to the eye the tube widens and runs through a small foramen in 
the praefrontale. This foramen lies close and ventro-lateral to the centre of 
the praefrontale. The tube turns medialwards and empties itself into 
the mouth-cavity. This opening is next to that of the organ of Jacobson. 
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The inner structure consists of small lobes, of which the walls are 
covered with gland-cells that leave only a small lumen between them. 
There is no special arrangement in the lot of lobes. The tube ventral to 
the eye is rather narrow and surrounded by gland-cells. Just caudal to 
the praefrontale the diameter of the tube enlarges, whereas, when the 
gland runs through the foramen and rostral to it, the diameter narrows. 


In the part that runs from the praefrontale medialwards the gland-cells 
are lacking. 


3. Glandula nasalis externa (figs 4 and 29) 


This gland lies rostral to the praefrontale between the skin and the 
septomaxillare. 


From the septomaxillare (s.m.) runs a connective tissue plate to the 
lateral edge of the nasale (nas.) and the medio-rostral edge of the 


nas. con. prfr cllab vest. clmas. 


TV 


1mm 


pm. sm. v. cart.prm. 5m. prfr 


Fig. 29. Sections through the olfactorial region. a, paramedial section seen from 

medial; b, diagram of a frontal section halfway dorsal and ventral surface. cart.pr.m., 

cartilaginous part on the praemaxillare; con., conchae; gl./ab., glandula labialis; 

gl.nas., glandula nasalis; nas., nasale; pr. fr., praefrontale; pr.m., praemaxillare; s.m., 
septomaxillare; v., vomer; vest., vestibulum. 


praefrontale. This connective tissue plate is ventrally connected with 
the praemaxillare (pr.m.) and the ventral edge of the praefrontale. 

From the lateral edge of the praefrontale runs a second connective 
tissue plate rostralwards to the praemaxillare, just under the skin. This 
plate is connected with an other connective tissue plate, on the same 
level with the rostral edge of the septomaxillare, by a part of this septo- 
maxillare which runs lateralwards. 

The space between these connective tissue plates is filled up by the 
gland. The general shape of the gland is about spherical, though rather 
irregular. 
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The tube opens into the caudal wall of the vestibulum nasale, near 
the nostril. 

The interior consists of rather small lobes. The walls of the lobes are 
covered with gland cells of about the same size as those of the glandula 
Harderiana. The tubes left between the cells have a larger diameter 
than those of the Harderian gland. 


4. Glandula labialis superior (fig. 29; gl.lab.) 

This gland lies along the dorsal margin of the mouth. It runs caudal- 
wards from the most rostral point of the head to a point at a short 
distance from the corner of the mouth. The gland lies lateral to the 
adductor muscles, just under the skin. Over the greater part of the 
distance the skin forms a distinct lip-like hem, circular in transverse 
section. The caudal part of the gland is rather narrow, lateral to the 
praemaxillare it is broadened. Rostral to the glandula nasalis externa 
the gland continues as the glandula rostralis and becomes much bigger. 
It is extended from the dorso-rostral part of the skin to the ventral part. 
Rostrally the glands of both sides join each other. 

The inner structure is of the same character as that of the glandula 
nasalis, the cells are a little smaller. 

The excretory ducts are numerous, especially in the rostral part. The 
ducts are small tubes, which run ventro-medialwards and open into the 
mouth-cavity. 


5. Glandula labialis inferior 

This gland lies along the ventral margin of the mouth. This gland 
nearly equals the glandula labialis superior. It is quite as long as this 
one and it lies in an equal position in the lower lip. It is of about the 
same shape in transverse section, only it broadens more caudally, i.e. 
lateral to the caudal tooth on the dentale. A big rostral part does not 
exist. The inner structure equals that of the glandula labialis superior. 


6. Glandula submaxillaris (fig. 21; gl. subm.) 
This gland lies paramedially, just caudo-ventral to the ligamentum 
intermandibulare. It is a small bottle-like gland with a smooth surface. 
The excretory duct is attached to the caudal extension of the liga- 
mentum intermandibulare and opens into the mouth-cavity. 
Theinnerstructureofthegland equals that of the glandula Harderiana. 
The gland is covered ventrally by the musculus intermandibularis 
anterior part 4, which is attached to it. 


7. Glandula sublingualis (fig. 21; gl.subl.) 
This gland lies ventral to the connective tissue bag around the tongue. 
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It is an oblong unpaired gland of an irregular shape. The gland is 
twice as long as the glandula submaxillaris; it reaches from a short 
distance from the tongue-bone in retracted position to a point just 
caudal to the ligamentum intermandibulare. 

The excretory duct opens caudal to the outlet of the glandula sub- 
maxillaris into the mouth-cavity. The inner structure is the same as 
that of the glandula submaxillaris. 


G. THE BRAIN (figs 30, 31 and 32) 


For a description of the general outer shape of the brain of snakes may 
be referred to the handbooks (Horrman, 1890; HALLER VON HALLER- 


STEIN, 1934). 
The telencephalon of the viper runs in the skull from the ethmoidal 


Fig. 30. Lateral view of the brain. 


region to the canales semicirculares. In the median the caudal border 
is situated more rostrally. 

Between the orbitae the telencephalon is relatively long, nearly as 
broad as high. Just behind the orbitae it is spherically extended in a 
lateral and a ventral direction. The roof is slightly domed. In the me- 
dian, between the parts of both sides, is left a shallow groove. 

The lateral side of the telencephalon is facing ventro-laterally, ros- 
trally this side is spherical (lobus olfactorius), between the orbitae it is 
concave, and in the caudal part it is spherical again. The transition of 
the dorsal into the lateral surface is rounded. In a lateral view the 
border-line between these surfaces is curved in that way that the rostral 
and the caudal parts of this line are more ventral than its centre part. 

The bottom shows in a lateral view a waved line, of which the rostral 
and the caudal part are situated ventrally in regard to the centre part 
between the orbitae. 

The entire surface of the telencephalon is smooth. The length in the 
median is about 6 mm. The greatest breadth is about 6 mm; the nar- 
rowest part is about 2 mm. The height varies from 1.5 mm to 3 mm. 
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The mesencephalon lies caudal to the telencephalon. It is a spherical 
part with a diameter of about 1.5 mm. Rostrally and ventrally it is 
continuously connected with the other parts of the brain. 

The diencephalon lies ventral to the mesencephalon and ventro- 
caudal to the telencephalon. It has a spherical shape. A sharp demar- 
cation between mesencephalon and diencephalon does not exist. 

The metencephalon is a flat disc, extended from the mesencephalon 
caudalwards and covering the tela chorioidea. 

The myelencephalon reaches from the most caudal point of the 


fr blv I te gLH mrs. mo st ccansem. bly. tect.post. 


Irsph. ntropr mri. scl cansemlat mc bsph. ventr WV 


Fig. 31. Transverse sections through the brain and surrounding elements. a, section 
in the orbital region; b, section in the otical region. b/.v., bloodvessel; b.sph., basis- 
phenoid; c.can.sem., cavity of the canales semicirculares; can.sem.lat., canalis semicir- 
cularis lateralis; fr., frontale; gl.H., glandula Harderiana; m.c., myelencephalon; 
m.o., tousculus obliquus; m.7.i., musculus rectus inferior; m.7.s., musculus rectus 
superior; n.tr.0.pr., nervus trigeminus ophthalmicus profundus; scl., sclera; st., stapes; 
t.c., telencephalon; tfect.post., tectum posterius; ér.sph., trabecula sphenoidea; venir. 
IV, fourth cerebral ventriculus; J, nervus olfactorius. 


telencephalon to the foramen magnum. The surface is spherical, except 
the roof of the fourth ventriculus. This roof is a folded layer under the 
cerebellum. ‘The remaining part of the roof of the myelencephalon lies 
at the same level. The lateral surface is extended lateralwards from the 
foramen magnum. 

The ventral surface is a curved plane, extended far ventralwards 
from the foramen magnum. Caudo-ventral to the lobi optici between 
the surfaces of the myelencephalon and the cerebellum runs a groove 
from rostro-ventral to dorso-caudal. 
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The origin of the nerves does not lead to any special description. We 
may refer to the handbooks. 


H. THE NERVES (figs 1, 32, 33, 34 and 35) 


A description of the course of the nerves will be given so far as useful for 
a more detailed investigation on the construction of the head. We only 
mention those nerves that are of importance. 

The course of the nervus olfactorius, the nervus opticus, the nervus 
oculomotorius, the nervus trochlearis, and the nervus abducens does 
not lead to any special description. 

The nervus trigeminus, divided into three rami, leaves the cerebral 
skull through three foramina (for.opt., for.V?, for.V?). The nerve starts 
from the brain as a branch which runs through a large foramen (for. 
trig.). This foramen is covered laterally by a bony plate of the outer 
surface of the cerebral skull. The opening in the outer wall is formed by 
two foramina, a rostral (for.V?) and a caudal one (for.V3). From the 
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Fig. 32. Lateral view of the left nervus trigeminus. car., arteria carotis; d.ven., ductus 
venenatus; gl.H., glandula Harderiana; m.a.m.i.p., musculus adductor mandibulae 
internus pseudotemporalis; r. ext., ramus to the musculus adductor mandibulae exter- 
nus; 7.gl.H., ramus to the glandula Harderiana; r.int., ramus to the musculus adduc- 
tor mandibulae internus pterygoideus; r.m.-tr., ramus to the maxillare and the trans- 
versum and surrounding parts; r.mand., ramus mandibularis; r.ophth.pr.. ramus oph- 
thalmicus profundus; r.ps., ramus to the musculus adductor mandibulae internus 
pseudotemporalis; r.ven., ramus venenatus; V®, nervus trigeminus ramus maxillaris; 
V?, nervus trigeminus ramus mandibularis; VI, nervus facialis. 
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Fig. 33. Lateral view of the caudal branches of the left nervus trigeminus. a, medial 

branches. b, lateral branches. r.im¢., ramus to the musculus adductor mandibulae 

internus pterygoideus; r.lev., ramus to the musculus levator pterygoidei; r.mand., 

ramus mandibularis; r.post., ramus to the musculus adductor mandibulae posterior; 

r.pr., ramus to the musculus protractor pterygoidei; r.prof., ramus to the musculus 

adductor mandibulae externus profundus; r.p., ramus to the pterygoid and its sur- 
rounding parts. 


a 
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Fig. 34. The course of the nervus glossopharyngeus and nervus vagus behind the 

quadratum-lower jaw joint. a, lateral view; b, ventro-lateral view. car.ext., arteria 

carotis externa; car.int., arteria carotis interna; r.lat., ramus lateralis nervi vagi; 
IX, nervus glossopharyngeus; X, nervus vagus. 


cavity between the internal large foramen and the lateral cover, starts 
rostrally a small foramen (for. V1), which debouches into the cerebral 
capsule. 

The first ramus (V1) of the nervus trigeminus leaves the cerebral 
skull through this internal large foramen (for.trig.). It reenters the cere- 
bral skull through the small foramen (for.V1) and runs rostralwards 
lateral to and between the telencephalon and the diencephalon. It runs 

on along the ventral side of the telencephalon and leaves the cerebral 
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capsule again through the foramen opticum (for.opt.). It innervates the 
glands of the head and the connective tissue in the ethmoidal region. 

The second ramus (V7?) leaves the cerebral skull through the rostral 
large foramen (for.V?). It is divided into two branches, a thick caudal 
one and a thinner rostral one. In many cases the rostral branch lies 
more or less ventrally. The thick caudal branch runs ventralwards 
lateral to the musculus pseudotemporalis (m.a.m.i.p.) to the ductus 
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Fig. 35. Medial view of a paramedial section of the cerebral skull. ¢.can.sem., cavity 
for the static organ; can.sem.ant., canalis semicircularis anterior; can.sem.post., canalis 
semicircularis posterior; d.c.r., diencephalon room; for.opt., foramen opticum; for.irig. 
foramen nervi trigemini; for.V1, foramen for the nervus trigeminus, ramus ophthal- 
micus superficialis; for. V?, foramen for the nervus trigeminus, ramus maxillaris; for. 
V3, foramen for the nervus trigeminus, ramus mandibularis; for. 1X, foramen for the 
nervus glossopharyngeus; for. X, foramen for the nervus vagus; /yp.r., part of the 
room occupied by the hypophyse; /.0.r., lobi optici room; m.c.r., myelencephalon 
room; t.c.r., telencephalon room. 


venenatus (d.ven.). Lateral to the musculus pseudotemporalis it branch- 
es off the ramus ophthalmicus profundus (r.opht.prof.). Just before 
reaching the ductus venenatus the caudal branch splits into two parts 
(r.ven.). Both parts lie in a S-shaped curve. 

The thin rostral branch is divided into two parts: one part (r.gl. 1.) 
runs straight rostralwards, dorsal to the glandula Harderiana. The 
other part (r.max.-ir.) runs ventralwards and bends rostralwards be- 
tween the glandula Harderiana and the transversum. 

The third ramus of the nervus trigeminus leaves the cerebral skull 
through the caudal large foramen (for. V3). At a short distance from 
this foramen it splits into three small branches, of which two run 
rostralwards and one medialwards, and a main branch. One rostral 
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branch is divided into two parts (r.ps., r.ext.), which innervate the 
musculus adductor mandibulae internus pseudotemporalis and the 
musculus adductor mandibulae externus. The second rostral branch 
(r.int., r.post.) turns after a short rostral course caudalwards and inner- 
vates the musculus adductor mandibulae internus pterygoideus and the 
musculus adductor posterior. 

The third branch (7.pr., r.lev.) runs rostro-medialwards and inner- 
vates the musculi levator et protractor pterygoidei and protractor qua- 
drati. 

The main branch (r.mand.) of the third ramus of the nervus trige- 
minus runs caudalwards, bends ventralwards and enters the lower jaw. 

All branches of the third ramus of the nervus trigeminus show many 
short twistings in their courses. 

The nervus facialis has in a lateral view partly the same outlets as the 
nervus trigeminus. The branches that run together with the nervus 
trigeminus cannot macroscopically be distinguished from it. Special 
attention may be paid to the third branch. This branch runs through 
the foramen VII (for. VIZ) along the columella auris to the ventral part 
of the musculus depressor mandibulae. This branch has no twistings. 

The nervi glossopharyngeus (JX) et vagus (X) are hardly to be 
separated. For a general description of their outlets in the cerebral 
skull and their courses may be referred to HALLER vON HALLERSTEIN 
(1934) and to fig. 35. 

Important in our study is the fact that these nerves run caudalwards, 
partly to the body (e.g. ramus lateralis nervi vagi (r.lat.)), partly to the 
musculi intermandibulares and the tongue-muscles and -bone. When 
passing the joint between the quadratum and the lower jaw the branch- 
es of the nerves show many short spiral twistings (fig. 34). Two thick 
branches run on rostralwards to the tongue-muscles. 


I, THE BLOODVESSELS (figs 32 and 34) 


For a description of the course of the bloodvessels may be referred to 
PHISALIX (1922). Special attention may be paid to the course of the 
arteria carotis (cer.) indicated in figures 32 and 34. 


J. THE EYE AND SURROUNDING PARTS (figs 1, 2, 27 and 31) 


The eye of the viper shows no special macro-morphological differences 
from other snake-eyes. For a description of the shape of these eyes may 
be referred to FRANZ (1934). 

The orbita is almost four times bigger in volume than the eye itself. 
It is built partly of bone, partly of membranes (see above). The orbita 
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is filled by the glandula Harderiana (sce the description of this gland), 
muscles, nerves and bloodvessels (fig. 31). 


K. THE ETHMOIDAL REGION (figs 4, 27 and 29) 


The general shape of the capsula nasalis is spherical, a little flattened 
in the median where the spheres of both sides meet each other. 

The nostril lies in the lateral surface of the sphere. From the nostril 
the nasal tunnel runs medialwards and a little rostrally, then turns 
paramedially straight caudalwards. Caudally, close to the bent, the 
tunnel shows in a lateral direction a broadening, behind which it nar- 
rows again and then continues lateralwards over a short distance. The 
tunnel is not spherical, but flattened medially. It shows ventrally an 
almost flat floor through the presence of some strong other elements. 

The lateral wall bears two conchae (fig. 29). The rostral one is a 
curved, standing, cartilaginous plate, forming in its lateral concave 
side the vestibulum. The dorsal and the ventral part of this plate are a 
little curved laterally. The second, caudal concha is longer and nar- 
rower and partly supported internally by a flat and narrow processus 
(c.l.w.) of the septomaxillare, directed dorsally. 

The medial wall of the tunnel is rostrally formed by the praemaxil- 
lare and the septomaxillare and caudally by the vomer, which lie in a 
line just in the median plane. 

The rostral wall is mainly formed by strong connective tissue mem- 
branes, supported by cartilage. Only the rostro-medio-ventral corner 
is occupied by the praemaxillare. 

The dorsal wall of the tunnel is also formed by strong connective 
tissue with cartilage. However, the most dorsal and the centre part are 
formed by the bony triangular hood of the nasale. 

Caudally the nasal region is bordered by the praefrontale, which has 
a concave rostral face. 

The ventral wall of the tunnel is quite complex. Rostrally lies para- 
medially the praemaxillare, caudally and laterally is the same connec- 
tive tissue plate with cartilage as mentioned above. 

The caudal part of the ventral wall is formed by the septomaxillare. 
The septomaxillare (s.m.) is a flat long bone, ending on both sides in 
processus lying medially and laterally. The lateral one bears a proces- 
sus (c.l.w.) directed dorsally. Firmly connected in the median with the 
medial processus of the septomaxillare lies the vomer. The vomer is a 
bladder-like bone with three processus: a rostrally directed one, a me- 
dio-caudal directed one and a latero-caudal directed one. Between the 
caudally directed processus is situated the choane. Rostrally, close to 
the choane, opens into it the organ of Jacobson, which lies in the vomer. 
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For a detailed description we may refer to BRomaN (1918) and Kau- 
MANN (1932). 
L. THE STATO-ACOUSTIC ORGAN 


This organ was described by Rerztus (1884) in Vipera rhinoceros and Vipera 
berus. We may refer to that description. 

The lateral semi-circular canal lies laterally almost parallel to the 
median. The anterior semi-circular canal runs from caudo-medial to 
rostro-lateral, the posterior one from rostro-medial to caudo-lateral. 
The commissura lies medial to the horizontal canal. The bony capsule 
surrounding this commissura lies in the groove between myelencepha- 
lon and cerebellum, mentioned above. 

The columella auris (figs 1, 8 and 31) runs from the quadratum to 
the fenestra ovalis (fen.ov.). The articulation with the quadratum is 
formed by the end of the cartilaginous extracolumella and the most 
dorsal part of the crista quadrati (cr.g.). The columella consists of two 
parts of equal length: the cartilaginous extracolumella, lying laterally, 
and the bony stapes, lying medially. The stapes ends medially in an 
ellipsoid plate, which is connected with the ridge of the fenestra ovalis 
by a membrane. 


M. THE FEEDING MECHANISM (fig. 36) 


Before swallowing the prey the viper kills it by means of a poison injec- 
tion. The movements for the injection act equal those of many Soleno- 
glypha (Haas, 1930; KLAUBER, 1939 a.m.o.). The injection occurs by a 
poison-fang (p.f.), which is stung with strong power into the prey. The 
fang has a canal through which the poison, excreted by the poison- 
gland, flushes into the wound. Before the fang can be stung the mouth 
. must beopened and the maxillare (m.), in which the fang stands, erect- 
ed. The beat of the head towards the animal, the opening of the mouth 
and the injection of the poison occurs in about 1/40 sec. This is too 
quick to observe the movement but for the help of a slow-motion film. 
With the aid of such a film it was possible to see that the head is lifted 
rostrally and that the movements of the upper jaw (erection of the 
maxillare) and lower jaw occur simultaneously. Probably both move- 
ments are coordinated. During the injection act, as far as could be 
observed, the lower jaw is lifted, just the opposite of what was observed 
by Van Riper (1953) in Crotalus sp. The injection act could hardly be 
watched. Probably the movement of the bony parts does not differ 
essentially from that in the swallowing act. After the injection the viper 
draws its head back and leaves the prey till it is killed by the poison. 
Sometimes the poison-fang cannot be drawn back momentaneously and 
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then it often results in a basal break of the fang. The dying of the prey 
takes about fifteen minutes. 

A short time after the death of the prey the snake starts looking for it, 
using its tongue in combination with the organ of Jacobson and the 
nose as smell receptors (BAUMANN, 1929) to find the prey. The snake 
smells at the prey until it has found the head and begins to swallow it. 


lj. 


Fig. 36. Diagram illustrating the movement of the jaws. The 
broken line shows the rest position, the traced line the most - 
opened position. The serrated lines indicate the rest positions 
of the musculus levator pterygoidei and the musculus protrac- 
tor pterygoidei. The double serrated line renders to the con- 
tracted situation of both muscles. The broken serrated line 
and the line of crosslets indicate the hypothetical displaced 
positions of both muscles. /.j., lower jaw; m., maxillare; m.lev., 
musculus levator pterygoidei; m.prot., musculus protractor 
pterygoidei; pt., pterygoid; g., quadratum; s.t., supratem- 
porale; tr., transversum. Further explanation in the text. 


The first movement is a normal bite. The prey is fixed between the 
upper jaws and the lower jaws. Then the upper and lower jaw at one 
side release and the upper jaw of that side is moved forward. At the 
same time the articulation between the quadratum (q.) and the lower 
jaw (L.j.) of that side is moved forward. The lower jaw elevates and the 
prey is fixed between the jaws. After the fixation at this side the jaws at 
the other side relax, move forward and close, eéc. 

The forward movement of the old upper jaw is connected with an 
elevation of the caudal part of the upper jaw. The quadratum moves 
also dorsalwards thus pushing the caudal point of the supratemporale 
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(s.t.) medio-dorsalwards. Observations of an eating snake by film and 
by naked eye also show this way of moving. 

It is obvious that the description given by many authors (Gapow, 
1901; Puisarrx, 1922; Haas, 1931 a.o.) of a movement of the supra- 
temporale directed ventralwards from the rest position is a mistake, 
since a ventralward movement of the upper jaw would not enlarge the 
mouth-cavity, but just the opposite. Some circumstances proving the 
impossibility of a ventralward movement of the supratemporale when 


fe 


bly 


Fig. 37. Diagram showing the different stages of the movement of the cerebral skull 

to the jaws in the swallowing act caused by the activity of the cervical muscles. a, the 

movement in the viper; b, the movement in the python. ¢.k., cerebral skull; 7., jaw; 
v.c., vertebral column. 


the maxillare is erected are first the position of the protracting muscles, 
which can only elevate the upper jaw, and secondly the occurrence of a 
ligamentum parieto-supratemporale (fig. 3; U.p.-s.). 

In many cases the maxillare is only more or less erected, though 
several authors suppose the maxillare is not erected during the swal- 
lowing act. Certainly, the maxillare turns over a smaller angle during 
the swallowing act than during the act of the poison injection. The 
occurrence of an articulation between transversum aud pterygoid 
makes a more or less retracted position of the maxillare possible (see 
later on). Besides, a turn of the upper jaw around the longitudinal axis 
of its rostral parts may favour this situation. When the old upper jaw 
turns around this axis the quadratum is moved dorsalwards and a little 
medialwards, so that the supratemporale moves also medialwards, 
without an erection of the maxillare. The movement of the articula- 
tions between quadratum and lower jaw, and between quadratum and 
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supratemporale can be observed indirectly by slow-motion pictures. 

When both pairs of jaws are placed in the most forward position, the 
prey has been taken in over a short distance, and now the cerebral skull 
must be pushed forward. The same movements are repeated then. 
Sometimes the prey is very big. In that case the muscles serving for the 
forward movement of the cerebral skull work simultaneously with the 
cervical muscles. The neck is successively bent and stretched, so that 
the cerebral skull is pushed forward (fig. 37). Often a combination can 
be observed of the movements of the jaws with a bending in the neck 
region. This bending means for every forward movement of the upper 
jaw a greater forward movement over the prey. Most authors (FontTa- 
NA, 1781; KATHARINER, 1900; PHISALIX, 1922; WOLTER, 1924; Haas, 
1931) agree in the observations of the movements of the jaw as far as 
they have studied them. No notes could be found in literature about 
which part the neck region plays in the food-intake. It is doubtless, 
however, that the moving of the neck region is necessary when swal- 
lowing preys and many snakes use it (e.g. Python). 

It must be remarked here, that sometimes the snake moves backward 
instead of pushing the skull forward. This can be explained as follows. 

When the snake bends its neck region the head 1s lifted a little, so that 
the rest of the snake’s body remains at the same place and only the 
rostral part of the cervical region is bent. When, however, this bent 
part is stretched to push the skull forward, the jaws holding the prey 
must be pressed on the ground. In that case it may happen that, if the 
pressing power is rather strong, or the prey is big and heavy, the body 
is pushed backward. An indication for the importance of the weight of 
the prey in this rather useless movement is the fact that the backward 
movement is mainly observed at the start of the swallowing. 

The roles played by the different members in the feeding-mechanism 
will be discussed in the following chapters. 


IV. THE GENERAL CONSTRUCTION OF THE VIPER’S HEAD 


In the head of an animal can be distinguished functions on different 
levels. These functions are realized in structural elements, called func- 
tional components, constructions etc. The way in which the realization 
has taken place is in many cases difficult to prove. At one hand the 
rules for realization can be investigated by experimental and theoretical 
methods, on the other hand by a comparative method. 

In the viper’s head seven main functions are realized, concerning the 
way of living. They are called: feeding, seeing, smelling, orientation, 
respiration, coordination and creeping. 
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The realization of the feeding depends on the way of feeding and on 
the kind of food. The relatively enormous prey leads for many snakes to 
the well-known swallowing apparatus: the loosely connected upper 
jaw and the lower jaw. The independent situation of the jaws of both 
sides is constructively difficult to understand. The movement of the 
jaws independent of each other has some significance in the swallowing 
act, although in snakes with less movability of the jaws the swallowing 
occurs mainly by a distinct activity of the cervical muscles. 

It seems more plausible to consider the loose connection as a conse- 
quence of the special kinetic situation (VERSLUYS, 1902, 1936), 2.e. a 
firmly closed cerebral skull and a relatively small olfactorial capsule. 
The peculiar way of killing the prey (a necessity for eating an enormous 
prey) is realized for the viper in the poisoning apparatus. The detailed 
structure of both apparatus depends on the requirements of the func- 
tion, on the influence of the members of the apparatus on each other, 
and on the influence of other functional components (see following 
chapter). 

The realization of seeing is the eye, which must have a spherical 
shape (TRENDELENBURG, 1943). The volume of the eye is to depend on 
the size of the animal and the required sight (FRANZ, 1934; cf. for 
literature VAN DER KLAAvUw, 1943). 

The realization of smelling is the nose and the organ of Jacobson. The 
functional relation between both organs is close, but the relation be- 
tween form and function is unknown, and so is the share in the function 
of each of the organs (BROMAN, 1919; KAHMANN, 1932). 

The realization of the orientation is found in the canales semicircu- 
lares. On this structure no data are found concerning the relation 
between form and function although many facts are known of the 
function. 

In the head some small organs, the glottis and the choane, are reali- 
zations of a part of the respiration function. 

The function of coordination is realized in the brain. A relatively big 
size of the brain in a small animal was already known to Cuvier, 
Marsu, and Dusors (for literature see VAN DER KLAAuw, 1948). Be- 
sides some parts, e.g. the telencephalon and the myelencephalon, are 
well developed. This development is in agreement with the great area 
of innervation of their nerves. The brain must therefore for the greater 
part be considered dependent on the other functions. 

The function of creeping has no directly structural realization in the 
head, but the outer shape of the head must be in accordance with the 
peculiar way of moving. 

Up to recently the relations between form and function were of less 
interest in research. Most studies have been made to detect the function 
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of a special element or to know the structure by which a certain func- 
tion is managed. A general connection between both fields of research 
has been lacking. 

Starting from the given realizations as structural facts, the problem 
of their integrations and their mutual influences is object of this research. 

In the diagram of figure 38 the influences are indicated by arrows 
running to the influenced elements, the rectangles. The realizations of 
the functions (three-dimensional rectangles) are marked with r. The 
big letters render the property which is influenced: P., position; S., 
structure; Pr., presence. The small letters added as indices to the big 
ones show the way of influencing: p., by the position of the influencing 
element; s., by the structure; m., by the mechanical influence; f., by 
any functional influence, though not in a mechanical way. 

Some influences of less importance are not indicated and some ele- 
ments should have been divided into more than one part or into smaller 
elements. 

In the general construction of the head the eye and feeding mecha- 
nism play a dominant role. In this discussion will be started from the 
assumption that the eye has a minimum volume and that in a small 
animal the eye is relatively big (FRANZ, 1934). The position of the eye 
in lateral direction may partly be determined by the brain; a superficial 
view, however, on skulls of related snakes (Lachesis, Crotalus, Bitis) 
shows a far lateral position independent of the brain. In those cases the 
position of the eye is determined by the outer surface of the head. The 
outer surface of the head coincides with the lateral side of the maxillare, 
so that the breadth of the head depends on the breadth of the maxillare 
added to the room left between both maxillaria. This room is occupied by 
the olfactorial capsule, of which the position is understandable by its close 
connection with the telencephalon and the functional requirement of a 
relatively far rostral position of the poison-fang mutatis mutandis the 

axillare. 

The influence of the eye on the brain is to depend then on the entire 
breadth of the head and the extension of the eye and the brain. Conse- 
quently in smaller snakes the brain is partly invaginated by the eye and 
in bigger ones the outer surfaces of brain and eye have hardly any 
connection. 

Many parts are influenced by the position of the eye. First the trans- 
versum, of which the most dorsal position is close to the eye and ventral 
to it, consequently the place of the articulation with the maxillare is 
also determined. Because the maxillare lies far rostrally there is no 
possibility of muscles attached to it that serve directly for its turning. 
The movement of this bone must be managed then by a pulling act 
from caudally. This pulling act may be caused by a muscular system 


THE HEAD OF THE COMMON VIPER 447 


via a caudalwards running bone. The muscles that can do so, must be 
situated between this bone (the upper jaw) and the neurocranium. 

As will be proved in the discussion of the muscles, the position of the 
eye bounds rostrally the place of attachment and the position of the 
musculus levator pterygoidei and of the musculus protractor pterygoidei. 

The contraction of the musculus levator pterygoidei and the 
musculus protractor pterygoidei causes a rostralward and a dorsalward 
movement of the upper jaw. Since, however, the distance between both 
articular surfaces on the maxillare has a minimum value, the articula- 
tion with the transversum must be moved ventralwards during the turn 
of the maxillare. The distance between the transversum and the neuro- 
cranium becomes longer. Consequently the caudal part of the old upper 
jaw will be moved dorsalwards. The point that can relatively remain in 
position in lateral projection is the most rostral place of attachment of 
the musculus levator pterygoidei on the old upper jaw. This point, 
however, must remain caudal to the orbita in every position of the jaw. 
And so the conclusion may be drawn, that the rostral part of the old 
upper jaw must have the length of the orbita added to the rostral 
displacement of the old upper jaw. 

The caudal part of the old upper jaw serves for the attachment of the 
musculus protractor pterygoidei. ‘The angle between the muscle fibres 
and the pterygoid is very small, so that the fibres of this muscle must 
have a length of about twice the distance of the rostral displacement of 
the articular point with the transversum on the maxillare. ‘The rostral 
displacement of this articular point is to depend on the distance be- 
tween the articulation on the maxillare and on the angle over which the 
maxillare is moved. The distance of the articulations on the maxillare 
has a minimum value, as is pointed out. The angle must be about go°, 
fitting in with the curve and the length of the poison-fang as will be 
shown later on. The rostral displacement will be then 2.5-3 mm. The 
rostral part of the area of attachment lies close behind the eye, conse- 
quently the pterygoid has a determined length. The numbers for 
these lengths are: 

displacement of the maxillare-transversum joint: 2.5-3 mm 1.e. 
0.5-1 mm rostral to the orbita; length of the orbita: 5.5-6.5 mm; length 
of the muscle fibres: 5-6 mm; entire length of the old upper jaw: about 
14 mm, 7.e. almost 2 mm length remaining for the area of attachment 
of the muscle fibres, representing the breadth of the muscle. 

The construction of the mechanism effects a minimum dorsalward 
movement of the caudal part of the pterygoid. This movement causes 
a displacement of the quadratum and a medio-dorsalward one of the 


supratemporale. 
Between the quadratum and the supratemporale exists a certain 
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relation (fig. 36). Supposing the caudal point of the pterygoid moves 
trom D to D! in the figure. The point E must shift rostralwards; a 
caudalward movement is impossible because of the rostral position and 
the inextensibility of the supratemporale. The question is now on or 
near which point E! must lie. The properties of the joint and its sur- 
rounding tissue only permit a position of the bony elements, which 
deviates only 30° from a perpendicular position. Consequently the 
angle (a) between both elements or their production must remain 
greater than 60°. Given the position of the rostral point of the supra- 
temporale, F and a, it follows that only one situation can occur and that 
the lengths of both bony elements are determined. 

This described constructive situation makes it understandable, that 
Haas (1931) could not find a direct correlation between the length of 
the quadratum and the size of the prey. A correlation between the size 
of the poison-fang and the length of the quadratum is quite improba- 
ble, because the quadratum does not move ventralwards, as Haas 
(1931) assumes, but dorsalwards. 

The precise adaptation of the bony elements to each other, thus 
forming a total construction, should give only one possibility of move- 
ment. The exact determination of the movement, however, can be 
diminished more or less by the rather loose connection of the tissue 
around the joint. Moreover, the movement is not exactly determined in 
one plane. 

Nevertheless a problem arises, if the point F lies so near the median 
that the point E! should have to shift over the median. The articular 
points, E+, of both sides can meet in the median, however, they cannot 
be pushed farther. This situation occurs. If the point D must be moved 
to D1 due to the construction of the other parts in the upper jaw, then 
the quadratum should be shortened during the dorsalward movement. 
This shortening of the quadratum in ventro-dorsal direction is caused 
by a turn lateralwards of its distal point. This turn is possible by a bend 
in the pterygoid and by a rather loose connection with the quadratum. 
The bent structure allows a small turn around the longitudinal axis of 
the rostral part of the pterygoid, so that the distal part of the quadra- 
tum can move dorsalwards, without a dorsal lift of the entire quadratum. 

The described construction settles now the position of the joint be- 
tween quadratum and lower jaw. From the fact that the rostral point 
of the lower jaw must also lie ventral to the maxillare, and that the 
maxillare included the poison-fang occupies a determined position and 
space in the construction, it follows that the line between the joint and 
the rostral point of the lower jaw cannot lie parallel to the upper jaw. 
How a parallel course of upper and lower jaws in their rostral part is 
formed will be pointed out later on. 
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The rostral, i.e. also the most lateral, position of the supratemporale 
depends on the position of the bony dorsal wall of the statical organ. 
About the size and the detailed structure of the canales semicirculares 
in relation to other properties of snakes no data are at our disposal 
(VAN DER Kiaauw, 1948). The bony wall is about the shape of that of 
the canales and joins them. The organs of both sides meet almost in the 
median, leaving only a cavity for a bloodvessel. 

There consists probably a mutual influence between the brain and 
the statical organ. The position of the canales is caudal to the telence- 
phalon, whereas the metencephalon joins the bony labyrinth. The 
shape of the mesencephalon is influenced by the bony labyrinth. The 
most lateral position of the supratemporale depends then on the breadth 
of the bony labyrinth in the dorsal surface of the cerebral skull. 

The general pattern of the feeding apparatus requires a more or less 
special position of the muscles, e.g. the musculus depressor runs from 
the quadratum to the lower jaw and the adductor muscles from the 
cerebral skull to the lower jaw and from the upper jaw to the lower 
jaw. The influence on the entire pattern may be called functional, be- 
cause it is the requirement of a special function which makes it under- 
standable. 

Besides the forementioned structures, there are some other ones 
which are related with the properties of the food. The relatively big 
prey makes clear the far caudal position of the angle of the mouth, the 
strong elasticity and the stretching of the tissue in the mouth, and 
the presence of many glands. 

The detailed structure of the members of the components is influen- 
ced by numerous factors. In the diagram they are partly indicated. 
This local influence will be discussed in the following part, where every 
element will be considered separately concerning its function, position, 
size and structure. 

There are two factors which determine highly the entire pattern, 
viz. the absolute size of the animal and the creeping way of living. Not 
only has the absolute size an absolute influence on every member, but 
it determines the position of the elements because it has an unequal 
influence on the various elements. 

The creeping includes a determined height of the cerebral skull. — 
Consequently the relatively big size of the brain means an extension 
lateralwards. This rather broad shape of the cerebral skull has its in- 
fluence on the position of the muscles. A detailed discussion on this 
subject will be given later on. 
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V. THE DETAILED STRUCTURES OF THE ELEMENTS 
A. THE FEEDING APPARATUS 


At the discussion of the different parts of the feeding apparatus it must 
be borne in mind that the apparatus forms a whole, of which the mem- 
bers can hardly be separated. The impossibility of a sharp separation 
makes a repetition of some remarks now and then inevitable. Some- 
times it is impossible to understand the structure of a part but for the 
knowledge of an allied one. It is obvious that the succession of the parts 
in the discussion is rather arbitrary. 


1. The muscles 

The roles played by the muscles in the feeding mechanism are fairly 
complicated. We do not know exactly the physiological background of 
the action of every fibre apart and of the muscle as a whole. Generally 
we may say first that most muscles can contract about 50-60 % of their 
length in rest (GERGELY & Laki, 1950), and secondly that every 
muscle makes the points to which it is attached approach to each other. 
As for the muscle as a whole the second assumption may give complica- 
tions if the muscle is a composite one. Finally the balance between the 
tensions of different muscles makes it almost impossible to determine 
the share of a muscle in the contraction during a certain movement. 

The only thing that may be decided from a morphological fact is that 
a single muscle can make in a special circumstance a certain movement, 
or in other words a certain function can be carried out by one or some 
certain muscles. Next we can try to control the assumption of a coope- 
ration by means of observations. It may be remarked here that a phy- 
siological experiment, by activating the separate muscle, can not solve 
this problem. 

In the following part we shall discuss the muscles in succession of 
their functions in stead of their morphological properties or positions. 
The reason for this is that the explanation of the problem of the corre- 
lation between the forms and functions and the place of the muscles in 
the whole of the head can be understood easier in this way. 

Many authors (KATHARINER, 1900; PHISALIX, 1922; LaxjER, 1926; 
Haas, 1931) have given a schematical pattern of the function of the 
muscles of the head. They all agree that the opening of the mouth, i.e. 
the ventral turn of the lower jaw, is managed by two muscle groups: 
1. the musculus depressor mandibulae; 2. the musculus neuro- et 
branchio-mandibularis. They do not give, however, any other function 
of these muscles and it is only the combination of these different func- 
tions which makes the structure of these muscle groups understandable. 
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The reason for this hiatus is probably that these authors were not in- 
terested in the form-function problem, but only wanted to know which 
muscle carried out a certain function. 


The musculus depressor mandibulae can be divided into two parts. 
The first part runs from the lower jaw to the median. The contraction 
of this part gives at first an opening of the mouth and next an approach 
of the quadratum-articulare joint to the median. This approach is pos- 
sible by a movement of the supratemporale in such a way that the arti- 
culation with the quadratum is moved medialwards and the angle be- 
tween supratemporale and quadratum is diminished. Together with 
this movement the quadratum is pushed medio-dorsalwards and so is 
the caudal part of the pterygoid. This first part of the musculus depres- 
sor mandibulae favours the protraction of the old upper jaw. This could 
be examined in freshly killed animals and with a model. 

The simultaneity of a depression of the lower jaw and a protraction 
of the upper jaw is a necessity in the action of poison injection, where 
as well the opening of the mouth as the erection of the poison-fang must 
happen in less than a second. 

This part of the musculus depressor has medially a tendinous attach- 
ment. The presence of this tendon must be considered as the construc- 
tive consequence of a rather strong power concentrated at a small spot. 
The attachment of this part of the muscle to the caudal face of the lower 
jaw furnishes a good condition for the farthest opening of the mouth. 

The second part of the musculus depressor runs from the lower jaw 
to the quadratum. It serves for the depression of the lower jaw only. 
The rostral fibres, ventrally attached to the quadratum, are shorter 
than the caudal ones, because of the shorter distance available between 
both places of attachment. Moreover, these lengths of the fibres coin- 
cide with their part in the action, because the rostral fibres have to 
contract over a shorter distance. The contraction of all fibres needs to 
be only 30 %. 

This second part of the musculus depressor has a larger physiological 
transverse section than the first part. The separation into two parts as 
well as the relation of their thickness in a transverse section may be 
considered as a special constructive adaptation to the two kinds of 
movements required by the swallowing and the injection act. The 
opening of the lower jaw will require a greater force in the swallowing 
act than in the injection act, because of the resistance caused by the 
teeth driven in the prey. 

The musculus branchio-mandibularis and the musculus neuro- 
mandibularis have most probably a depressive function. It is, however, 
uncertain in which situation the action of the muscles occurs. The great 
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significance of these muscles’may be the depression of the lower jaw 
during the swallowing when the depressor does not act, namely in 
pushing the lower jaw ventro-medially instead of a little dorsally. 
Generally we may consider the presence of many muscles instead of 
one strong one as a functional adaptation to various situations in the 
swallowing act. The development and the differentiation of these 
muscles is very different in different snakes (LuBoscH, 1933). The re- 
lation to their function is uncertain, because of the lack of knowledge 
of their shares in this function and the obscurity of the way of food- 
intake of many snakes. Haas (1931) assumes that the musculus neuro- 
mandibularis plays an important rdle in the peristaltic movement in the 
pharynx. If the conclusions from his observations are right, it would 
explain the complex structure of this muscle with two transverse apo- 
neuroses and the branches to the skin and the pharynx. The aponeu- 
roses may permit a separate contraction of the different branches. 


The musculus levator pterygoidei, the musculus protractor pterygoi- 
dei and the musculus protractor quadrati must be discussed together. 
The functional significance of these muscles is the protraction of the old 
upper jaw and the erection of the poison-fang (see LAKJER, 1926, a.0.). 
The remark of Rapowanovic (1928) that the musculus protractor 
pterygoidei plays an important réle in the regulation of the depressed 
position of the poison-fang is most probably right. 

The position of the two first mentioned muscles, can be explained by 
two important factors, which determine the area in which they lie. The 
rostralwards extension of the area of attachment of the musculus levator 
pterygoidei is limited by the eye and the joint between the transversum 
and the pterygoid. 

According to LAKJER (1926) an attachment more rostral than the 
caudal surface of the processus postorbitalis does not occur in the shakes 
examined by him. ‘This phenomenon can be understood since a levator 
only occurs in kinetic skulls which have a more or less tropidobasic 
ventral side. The great space occupied by the eye leaves no room in the 
orbit for the origin of the musculus levator pterygoidei. The insertion 
of this muscle is due indirectly to this factor. As a matter of fact there 
is space to extend on the transversum lateralwards and on the ptery- 
goid rostralwards. The limitation of the area of attachment of the fibres 
lying most rostrally, however, has a functional aspect. Their course can 
be directed only ventralward or ventro-caudalward, as the function of 
the muscle is a protracting or an elevating one. The remark of Laxjer 
(1926) that sometimes the fibres can be directed rostralwards must be 
queried. In preserved material with abnormal topographic conditions 
one gets easily the impression of a course of the fibres against the action 
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direction. Besides it is possible that in a far protracted position of the 
jaw some fibres may be directed a little rostralwards. 

The lateral border of the distal place of attachment near the trans- 
versum is also determined by a functional factor. During the rostral- 
ward movement of the upper jaw the joint between the pterygoid and 
the transversum remains at about the same level in lateral projection. 
The coincidence of the joint with the turning point C in the upper jaw 
is related to the function of this joint in the retraction of the poison-fang 
during the swallowing act (see later on). The transversum moves ven- 
tralwards, whereas the pterygoid turns dorsalwards (fig. 36). The ar- 
ticular function of the connection between these bones determines 
vaguely the lateral border of the place of attachment of the musculus 
levator, because the fibres will not pass the joint, which can be moved 
ventralwards in a special situation in the swallowing act. Of course 
this lateral border is not exactly determined by the joint between the 
transversum and the pterygoid, because during the rostralward move- 
ment of the upper jaw the caudal part of the transversum may be 
turned dorsalwards, followed by a rostralward movement, so that the 
turning point in the old upper jaw does not coincide exactly with the 
joint. This makes clear the occurrence of some fibres of the musculus 
levator attached to the transversum, found in JLachesis lanceolatus 
(LAxkJER, 1926). 

The coincidence of the turning point and the joint may have a func- 
tional significance in the swallowing act. The poison-fang can stay in 
rest, if the protraction occurs not too far. The cooperation of the muscu- 
lus levator pterygoidei, the musculus protractor pterygoidei and the 
musculus adductor pterygoideus can result in a decrease of the angle 
between the transversum and the pterygoid. The transversum is rela- 
tively retracted to the pterygoid, so that the poison-fang is hardly 
erected. 

The extension of the place of attachment of the musculus protractor 
pterygoidei is difficult to understand as determined by any surrounding 
element. The places of attachment to the pterygoid of the musculus 
protractor and of the musculus levator occupy an equal surface. 

The position of the rostro-medial border of the place of attachment of 
the musculus protractor on the cerebral skull is difficult to understand. 
The places of attachment of the musculi protractores of both sides leave 
rostro-medially a rhomb-like space between each other. This space is 
covered with the connective tissue of the mouth-cavity. The extension 
of this muscle to the median differs much in several species (LAKJER, 
1926; Haas, 1930): generally in the smaller species the median is not 
reached. Only the hypothesis remains of a close adaptation within the 
construction of the upper jaw mechanism, namely the fibres have all 
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the same relative length and contract all about 50 % for the most for- 
ward movement of the upper jaw. As the relatively bigger cerebral skull 
in the smaller species has a relatively broader surface in the median and 
the distances from the pterygoids to the median are relatively equal in 
different species, this will result in a relatively longer distance between 
the musculi protractores. All the fibres of the musculi protractores and 
levatores in a viper have a length of about 6 mm. 

In the region of the musculus levator pterygoidei the old upper jaw 
is elevated over a shorter distance than in the region of the musculus 
protractor pterygoidei. This more or less transposed position of the 
muscles in functional sense may be explained as a morphological com- 
promise. 

First we may conclude that the fibres of the musculus protractor 
have a minimum length, for they have to contract about 50 %. This 
percentage is the limit of power-exertion known for muscle fibres 
(GerGELY & Laki, 1950). The musculus levator, which lies near the 
turning point in the upper jaw, only needs to contract 15 % to give the 
desired result of protracting and elevating. Suppose both muscles have 
changed places. Because the shift of the caudal end of the lower jaw is 
greater than that of the rostral part near point C, the musculus levator 
should have to contract over a longer distance, whereas the musculus 
protractor should have to contract over a small distance. The contrac- 
tion of both would be about 30 %, which is in functional respect rather 
an advantage than a handicap. The places of attachment would be 
placed then, however, in the orbita resp. on the supratemporale, which 
is in the total structure of the head an impossibility. 

So we may conclude that the course and the extension of both mus- 
cles shows a compromise between the functional requirement and the 
allowed space. 

The musculus protractor quadrati is relatively small. It serves the 
rostralward movement of the quadratum. The position of this muscle 
may be determined in the space left between the position of the muscu- 
lus protractor quadrati and the cerebral skull. The small size of this 
muscle is in accordance with its function, although no precise relation 
can be ascertained. 


Before a discussion of the muscles drawing the upper jaw back and 
closing the mouth two situations must be distinguished in which these 
muscles act: 

1. the closing of the mouth without prey, as occurs after the poison 
injection, when gaping, or after the swallowing act 

2. the closing of the mouth with prey, i.e. the swallowing act. 

In the first case no resistance of any importance occurs; in the second 
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case the resistance is very strong and moreover every part of the head is 
strained. 

In both situations the movements of the bony parts are alike. How- 
ever, the share of each muscle in each of the acts is not quite determin- 
able. A determination of the working-power or the force of a muscle 
by measuring its volume or transverse section gives no result by reason 
of the coordination. Every muscle can contract to a certain degree and 
thus draw the bony parts into another situation, by which the effective 
power exercised by other muscles is changed. 

It will be clear that for a good understanding of the position and the 
shape of a muscle in relation to its function one must know exactly the 
active part played by this muscle. 

After all it only remains to discuss the muscles in the same way as we 
have done at the musculus depressor mandibulae and to sum up Some 
of the possibilities which may occur. 

The musculus retractor quadrati draws the proximal part of the 
quadratum ventro-caudalwards. Probably this movement of the qua- 
dratum has also a significance in the forward movementof the upper jaw. 

Its small size in Vigera can be understood, if the muscle has only a 
regulating function in directing the position of the quadratum. Such a 
regulation is very important because of the different phases of the qua- 
dratum-movement during the swallowing act. 

The occurrence of a tendon must be explained as the consequence of 
a small place of attachment. 

In some snakes (Dasypeltidae; GANs, 1952) this muscle is well deve- 
loped and serves to slip the lower jaw under the egg. 

The big size of the musculus cervico-mandibularis can be understood 
from its important function of drawing back the upper jaw. The firm 
aponeurotic attachment is connected with the ligamentum quadrato- 
maxillare, so that the power immediately is transponed on the connec- 
tive tissue of the glandula venenata. It must be remarked here that the 
musculus cervico-mandibularis in the viper has neither any morpholo- 
gical connection with the lower jaw, nor any function in moving it. 

The musculus retractor palatini must be considered an antagonist 
of the musculus protractor pterygoidei. The relatively small size of the 
musculus retractor may be explained by the small space left for this 
muscle. The place of attachment on the cerebral skull joins that of the 
musculus retractor vomeris and the fibres lie in a space that is neigh- 
boured by the musculus levator. It must be established that the size and 
the function of the neck muscles and the size and the function of the 
musculus retractor palatini, which is influenced by the surrounding 
parts, form one constructive unity. In other words: the small size of the 
musculus retractor palatini, which is dependent on the surrounding 
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parts, is compensated by the size of the neck muscles (see also the part 
on the cervical muscles). 


The musculus adductor mandibulae externus profundus and the 
musculus adductor mandibulae posterior help to draw back the upper 
jaw and adduct the lower jaw. During the contraction of these muscles, 
which can hardly be separated as well in a morphological as in a func- 
tional sense, the lower jaw elevates and after that the angle between 
the quadratum and the lower jaw is still more diminished, which results 
in a backward movement of the articulation. The upper jaw is taken 
along caudalwards with the quadratum. 

The whole rostral side of the quadratum and the main part of the 
caudal half of the lower jaw is occupied by these two muscles. Their 
relatively large sizes are directly correlated with the way of feeding. The 
place of these adductores is the only possible situation for adductor 
muscles in the head of the viper, for in this way they can have an effec- 
tive result on the elevation of the lower jaw in every situation of the jaws. 
All the other adductor muscles in the viper run to the cerebral skull and 
therefore come during the swallowing act in an unfavourable position 
when the upper jaw as well as the lower jaw are moved. 

Besides these two important functions the big size is also accountable 
by the connection of the musculus adductor mandibulae externus pro- 
fundus with the glandula venenata. 

Also from the superficialis-system a great part is unavailable for the 
adductor function. 

The musculi adductores running from the cerebral skull to the lower 
jaw have all the same function: elevating the lower jaw. Striking is the 
fact that the adductor system is divided into many separate muscles, 
running into quite different directions. The explanation of this rather 
curious situation (realized almost in snakes only) can be found in the 
fact of a wide opening of the mouth. The lower jaw can move over a 
large angle and now in almost every position of the lower jaw a muscle 
is found that runs perpendicularly to the longitudinal axis of the 
lower jaw. 

In consequence of the far caudally situated soft angle of the mouth, 
which is required by the intake of big prey, the attachment of the 
muscles to the jaw is also far caudally. The combination of the wide 
range of movement of the lower jaw and this caudal situation of the 
muscles explains the curious course, parallel to the lower jaw, of the 
muscles in rest and the lack of internal aponeuroses. This parallel course 
and the lack of aponeuroses occur in long muscles which can contract 
over a long distance. Because there exists an inverse proportion between 
power and working-distance in every muscle system, the necessary lack 
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of aponeuroses could explain the occurrence of so many bundles in the 
adductor system in snakes. 


Summarizing so far we may state that swallowing a big prey means 
for the construction of the adductor muscles: 

1. displacement of the whole muscular system caudalwards 

2. displacement of the strongest power caudalwards in the system 

3. dividing of the system into many parts with different courses 

4. lack of aponeuroses in long thin muscles. 

The way of attachment of the greater part of the adductor muscles 
must be regarded as a special adaptation to the great movability of the 
different bony elements. Except the adductores inserting the quadra- 
tum, all the adductor muscles have aponeurotic attachments to the 
lower jaw. Most of these attachments are tangential. This situation al- 
lows a contraction of these muscles in almost every position of the lower 
jaw, which can turn round an axis parallel to its longitudinal axis and 
move up- and downwards in all these positions. The adductores to the 
quadratum don’t show such a structure, which is in accordance with 
the fact that the quadratum remains in reference to the lower jaw in 
almost the same parasagittal plane. 


The musculus adductor internus pterygoideus splits rostralwards into 
three parts, each of which having other functions. 

The main part runs from the lower jaw to the transversum, the 
second part to the connective tissue of the corner of the mouth and the 
third part, the accessorius, to the caudal part of the pterygoid. 

The function of the first part is not quite clear. Haas (1929) assumes 
that the muscle in Lachesis has two functions: first as a retractor of the 
upper jaw in a fixed situation of the lower jaw, and secondly as an ad- 
ductor of the lower jaw in a fixed situation of the upper jaw. Though 
these situations may occur theoretically, one can hardly assume that 
those functions would be separated. Since the muscle draws the bony 
parts to each other and the upper jaw as well as the lower jaw are 
movable, both functions will occur together. Between the elements 
connected by the muscle are three joints: the articulare-quadratum 
joint, the quadratum-pterygoid joint and the pterygoid-transversum 
joint. The articulare-quadratum and the quadratum-pterygoid joints 
permit no movement, because the axes of the joints lie nearly in 
the working-line of the muscle force. Except a small decrease of the 
angle between the pterygoid and the transversum, little motion can 
occur between transversum and pterygoid. This slight movability and the 
presence of the muscle make plain the partly or fully retracted position of 
the poison-fang during the swallowing act. Probably Haas (1929, 1931) 
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also means that the significance of the muscle in the construction is 
to bridge the more or less opposite actions of the poison-fang in the 
swallowing and in the poisoning function. The idea of WOLTER 
(1924) is quite improbable. This author assumes that the pterygoid 
muscle prevents a turning of the maxillare too far rostralward. 
Moreover this assumption is based on a wrong determination of the 
place of attachment. 

The place of attachment of the muscle is quite unfavourably situated 
with regard to the joints between the bony elements; the lever to the 
force is quite small. This unfavourable situation is compensated by the 
aponeuroses, which increase the power. 

The transversum and the pterygoid can make an angle over and 
below 180° in a lateral view. In the first case the muscle would be at- 
tached to the lower plane of the transversum, in the other case to the 
upper plane. The constructive consequence of such a different position 
of the place of attachment must be a tendinous attachment of the mus- 
cle to the most lateral point of the transversum. 

The second part of the musculus adductor mandibulae internus 
pterygoideus is an essential element in the function of passing into the 
rest-position. 

The connective tissue in the corner of the mouth is strained between 
the jaws over the prey. So the corner of the mouth is relatively moved 
forward. During the closing of the mouth the connective tissue layer in 
the corner must be drawn caudalwards. This may occur by a contrac- 
tion of the second part of the pterygoid muscle. The structure of this 
part of the muscle is simple, except near the attachment to the corner 
of the mouth. This attachment is aponeurotic and spreads widely in the 
connective tissue. This construction provides an equal retraction of the 
connective tissue. i 

The situation and structure of the musculus adductor mandibulae 
internus pterygoideus accessorius is difficult to understand. The di- 
rection of the fibres allows only a turn of the pterygoid around the 
longitudinal axis of its rostral part. So a retraction of the pterygoid to 
the lower jaw cannot occur. The fibres run over the joints between the 
pterygoid and the quadratum and between the quadratum and the 
lower jaw. During the injection act the pterygoid is turned around its 
longitudinal axis by the musculus levator and the musculus protractor 
pterygoidei, as has been proved in the foregoing chapter. The third 
part of the musculus adductor mandibulae externus pterygoideus may 
be the antagonist. The collaboration of the antagonistic muscles may 
be a regulating function. The precise regulation of the position of 
the pterygoid by a coordinated function of the musculi protractor 
et levator pterygoidei and the musculus adductor mandibulae inter- 
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nus pterygoideus accessorius is found in other snakes (e.g. Dasypeltis; 


Gans, 1952). 


The group of cervical muscles is well developed. All of them have a 
large transverse section and show near the area of attachment on the 
skull surface aponeuroses. 

The function of these muscles is the bending of the head and the 
cervical column and the rostralward movement of the cerebral skull. 
This double function makes it difficult to prove a strict relation between 
function and form in these muscles. 

The big development of every muscle is mainly to attribute to the 
function in the swallowing act (fig. 37). 

A certain position in the swallowing act shows the jaws moved most 
rostralwards. The jaws must be drawn now into the retracted position 
without pushing out the prey. Or in other words, the cerebral skull ° 
must be put between the jaws rostralward over the prey. Besides of the 
musculi retractores, which are less developed, this is the function of the 
cervical muscles. 

Diagrammatically the act may be described as follows: 

The head is turned by-a bending of the cervical column, suppose to 
the right. The turning place lies in the rostral cervical region near the 
occiput (fig. 37a, III, A). Thus the left side of the cerebral skull is 
moved rostralward between the jaws and the right side is relatively 
moved caudalwards. Then the left half of the cervical muscles attached 
to the occiput is contracted, which results in a perpendicular position 
of the neck on the cerebral skull. After that the neck is bent into some 
curves more caudalward (fig. 37a, IV). The caudal part of the body 
being fixed, the neck region can be stretched, which results in a rostral- 
ward movement of the cerebral skull. The resistance countering a 
shoving of the prey is caused by the weight of the prey or by the pres- 
sing activity of the ventral cervical muscles. 

Sometimes, instead of a rostralward movement of the cerebral skull, 
the body of the snake is moved caudalwards. During the bending act of 
the neck the head is moved caudalwards, so that the snake creeps con- 
tinuously backward during the swallowing act. The swallowing occurs 
in this case very slowly, or not at all. 

Whether a rostral movement of the head or a caudal one of the body 
occurs depends principally on which share the different parts of the 
body have in the resistance. The resistance of the head can be varied by 
lifting it from or pressing it to the bottom. If the jaws and the prey are 
pressed on the ground then the rostral part of the snake’s body cannot 
move, so that the head is pushed between the jaws. 

In other snakes, such as the big Boidae the swallowing occurs almost 
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only by the pushing power of the cervical region (fig. 37b). The jaws 
are moved rostralwards together with the cerebral skull. The resistance 
is given by a fixation of the prey with the caudal part of the body. 

A collaboration between the cervical muscles, pushing the cerebral 
skull rostralward, and the musculi protractores, protracting the upper 
jaw, as exists in Python, may occur also in the viper. In that case the 
protracted jaw can be shifted farther rostralward over the prey by the 
bending of the head. 

The musculi intermandibulares are small muscles, which differ very 
much in different species (LuBoscH, 1933). The function is a contrac- 
tion of both jaws together. An insight in the relation between the diffe- 
rent parts and their functions is lacking. A comparison with the other 
species (LuBoscH, 1933) gives no indications on this subject, because 
no data of the detailed function are to our disposal. 

The problem is quite complex by the unsharp demarcation of the 
musculi intermandibulares and the muscles to the tongue-bone, in a 
functional as well as in a morphological sense. 


The musculus retractor vomeris is an example of a muscle lying in a 
very unfavourable situation for its attachments and extension. The 
function is to draw the olfactorial region ventralwards, for which it 
must be extended between this region and a fixed point caudal to it. 
The shortest distance to a fixed point is the distance to the most caudo- 
ventral corner in the orbita. The muscle has now to bridge this rather 
long distance, thereby passing the eye. The short moving distance and 
the small required power allow a long tendon from the vomer to the 
venter of the muscle in the ventro-caudal corner of the orbita. In pre- 
served condition the venter has a concave shape. 


2. The bones 

The shape of the bony elements regarded as constructive elements is 
determined by mechanical and spatial factors. The way of determina- 
tion is mainly dependent on the relation between the positions of the 
different elements. Their positions can be considered in correlation with 
the functions of the elements, or in other words, the positions are de- 
pendent on the requirement of the functions. 

From this point of view two problems arise. First the correlation be- 
tween position and function of a certain element, which must be regar- 
ded in a larger construction or architecture. Secondly the detailed 
shape of this element considered the consequence of the constructive 
influence of mechanical and spatial factors. 

Concerning the first problem may be referred to the chapter on the 
general construction. The second problem, though requiring an exact 
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study, is in principle to be answered. In this chapter the bony elements 
will be discussed in regard to the second problem. 

It must be remarked that the material of which the elements are 
built generally plays an important role in the realization of the function. 
In the viper there occurs almost only bony material. 


The maxillare has an irregular shape and can be divided into a 
number of structures required for the same number of functions. 

The functions are: 

1. the bearing of two poison-fangs, which can alternate in function 
and be shed 

2. the articulation with two other bony elements, 7.e. the transversum 
and the praefrontale 

3. the serving as a place of attachment for some ligaments 

4. the placing of bloodvessels and nerves. 


ae 
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Fig. 39. Transverse sections of two maxillaria from caudal. The figures render the 
numbers of sections in the series. The left three rows are the sections of the left maxil- 
lare of a big animal. The right two rows those of a right maxillare of a small animal. 


The structural influence of every functional component may be 
divided into two factors: 

1. the position of the component concerning the problem of the space 
occupied by it 

2. the mechanical or physiological requirements put by the com- 
ponents. 

The articulation with the praefrontale, which is found dorsally shows 
a widening in a latero-medial direction. It is worth mentioning here, 
that where ever a flat articulation or connection exists between two 
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bones, its surface must be larger than the bones themselves, if the arti- 
culation has to resist the same strain as the bone. Supposing the bone 
has a minimal development in relation to the strain working on it, then 
it follows that the surface of the articulation must be larger, because the 
connective tissue of the articulation has a lower resistance to transverse 
strain than the bone. The connective tissue has less elements per surface 
unit for the resistance and besides, the flexion of these elements by the 
shearing strain is greater than that of the compact bone. 

The hinge-joint between the maxillare and the transversum is as long 
as the breadth of the transversum. The breadth of the transversum is 
correlated with the flexion exercised on it by the muscle strain and the 
resistance via the poison-fangs, as will be elucidated further on. ‘The 
caudal surface of the maxillare is flat and bears two transverse ribs, one 
above the articular surface with the transversum and the other one 
below it. The breadth of the caudal 
surface and its flat character is the 
general shape of the articulations. 

Between thearticulations, however, 
a small area is found, where the fora- 
men lies through which the bloodves- 
sels and the nerve enter the maxillare. 

As an aid to the resistance to flexion 
i t or pressure this flat caudal plane is 
rather unfavourable. 

Fig. 40. Diagram illustrating the con- The strains working on the maxil- 
duction of pressure of the poison-fang lareareattached tothe articular points 
by the maxillare. a, longitudinal sec- and the top of the fang. The prey 
tion; b, transverse sections on different exercises a great strain on the fangs, 
levels. Further explanation in the text. : ; : 
which can be resolved into strains 
perpendicular to and in line with the longitudinal axis of the maxillare. 
Moreover, a high pressure is exerted on the fangs when the prey is 
seized. In consequence of this we may consider the maxillare inclusive 
ofthe fangs asa beam, supported in two points and loaded in the centre. 
The supporting points are the articulation with the praefrontale and the 
top of the fang. The loading is a caudalwards drawing of the transversum. 

The flexion occurs in a plane perpendicular to the caudal plane 
mentioned above. Consequently the greatest resistance should be given 
by a plane perpendicular to this caudal plane. The shape of the surface 
of moments is about triangular, and the basis is the connecting line 
between the top of the fang and the articulation with the praefrontale. 
The greatest moment lies on the level of the articulation with the trans- 
versum. We may expect such a shape, that the greatest flexion resistan- 
ce of the bone lies rostral to the articulation with the transversum. The 
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resistance to flexion can be calculated now from the formula T/W, in 
which T is the moment of inertia and W the distance from the farthest 
point in the transverse section to the neutral line. T could be deter- 
mined by the summation of the moments of inertia (t) of small rectan- 
gles perpendicular on the neutral line. 


Re + bh? + bhx’, ty = = hb? + bhy2, tyy = -- bhxy 


in which b is breadth, h is height, x is the distance from the centre of 
gravity of the rectangle to the abscis, y is the distance from the centre 
of gravity of the rectangle to the ordinate (PoHL, 1941; KLoppEr, 
1946). 

The numbers of the two series of transverse sections of the maxillare 
(fig. 39) are given in table I. 

The calculated surface of the moments of resistance has a regular 
shape, only one transverse section (110 resp. 255) diverges. 

Although the resistance to flexion fits the expected surface of mo- 
ments in transverse section, the shape of the maxillare does not answer 
the theoretical form. The main factor inducing another shape is the 
implantation of two fangs. The base of the fangs must be supported by 
circular bony ridges in a transverse section. Such a ridge (spatially the 
transverse section of a cylinder) takes the place of the expected surface 
that would stand rostralwards on the caudal surface of the articula- 
tions. Dorsalwards the circular shape can be quit more or less and is 
more adapted to a straight surface, 7.e. in this case a triangular shape. 

Suppose the strain in a penetrated position of the fang can be resolved 
into two equal components, then the stresses of the flexion are almost 
equal and the component of pressure will be of relatively little influence. 
Therefore an equal distribution of the bony mass over the transverse 
section may be expected. However, the strains are conducted through 
the fangs, which have only peripheral mass, so that generally also a 
peripheral distribution in the bone is realized. Moreover, each fang 
works separately and on an other spot. The different time of action of 
each fang makes it in a constructive sense necessary to conduct the 
strain through one cylinder for each fang. Only one cylinder is in 
function to conduct the strain dorsalwards (fig. 40), because only one 
fang works at a moment. The cylinders stand more or less sloping to 
each other. The amount of bony mass will be unequal in every trans- 
verse section, in that way that near the basis of the fang there will be 
twice as much mass as in the dorsal part. In the transitional area a 
somewhat greater amount may be found. The surfaces of the different 
transverse sections are (fig. 39): 

—, 80, 133, 296, 287, 286, 300, 285. 

—,-, -, 202, 268, 612, 539, 526, 550, 419. 
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TAsLe 1. Numbers of moments of resistance calculated in the transverse section. 
Further explanat 
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The numbers 296 (section 110) and 612 (section 255) are rather high. 
This is due to the presence of a bony ridge dorsal to the articular surface 
with the transversum. This ridge cannot have any significance for the 
resistance to flexion, nor for the pressure, but must be regarded as a 
block for the transversum. 

The ligaments attached to the maxillare resist a strong rostral turn of 
the maxillare. Their influence equals that of the transversum in the 


flexion-diagram; they are attached close to the articular surface with 
the transversum. 


2735 357 


277 390 - 
——— 497 
= 412 
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Fig. 41. Transverse sections of the left transversum from caudal. The figures render 
the numbers of sections in the series. The axes are the main axes of inertia. 


The entrance of the nerves and the vessels lies close and ventral to 
the articular plane with the praefrontale. The foramen lies near the 
neutral plane in constructive sense, in that way influencing the shape 
very little. 

The maxillare can be explained thus by the integration of the in- 
fluence of the components from 1-4 (see above). Each of these compo- 
nents may give another shape to the maxillare, whereas at the same 
time the influence of every component is fully realized. A compromise 
does not occur. From the forementioned components the first two are 
the most important ones and they work in two manners, 2.e. as spatial 
and as mechanical factors. The third and the fourth component are of 
relatively little influence. 

It must be remarked that in this discussion has been started from the 
assumption that the realizations of the required structures are minimum 
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phenomena. An argument that such an assumption is plausible is 
given by the occurrence of extra bony mass around the articulation 
with the transversum. 

In the following discussion on the other bones the same assumption 
will be used as a starting-point. 

The biological background of this minimum phenomenon is unclear 
as yet. 


The function of the transversum (fig. 41) is the transmission of the 
movement of the pterygoid to the maxillare. This function requires a 
structure determined by the places where it is placed in between and 
by the muscles that exercise strains on it. 

The way of erection of the maxillare requires a joint which enables 
the transversum to turn in a parasagittal plane. Moreover, this joint 
must be a hinge, thus preventing a turning into a lateral direction. 

The length of the axis of this hinge-joint is dependent on the breadth 
ofthe transversum. This breadth is primarly determined by the require- 
ments of the flexion exercised on the transversum. ‘The presence of both 
fangs is of little influence, because the neutral line to flexion lies most 
favourable just between both fangs. 

The protraction is caused by the musculus protractor pterygoidei and 
the musculus levator pterygoidei. Both muscles have their working-line 
resp. medio-rostralward and medio-dorso-rostralward. Since the mus- 
cles are attached to the pterygoid and this bone is connected with the 
transversum with a broad, firm articular surface, it is possible to divide 
the muscle strain into three components, one working rostralwards in 
the neutral line of the transversum, and the other ones in two planes 
perpendicular on it. The rostral component gives a small pressure, be- 
cause at the start of the protraction the maxillare is turned. The dor- 
salwards directed component has hardly any influence on the strain 
(table I, Wx). The hinge-joint has some friction indeed, but this is of 


little influence. The component directed medially raises an important: 


flexion (table I, Wy). In this direction almost any movement of the 
transversum is prevented. Consequently the entire medial component 
causes a flexion that increases rostralward. A triangular flat bone resists 
exactly this flexion. ‘The mass division in transverse section, however, is 
unequal. This is due to the simultaneous influence of flexion and pres- 
sure. The flexion causes medially a pressure and laterally a tension. 
Besides, the small pressure exercised by the component directed rostral- 
ward must be added to it, so that the medial part must have a little 
more bony mass than the lateral side. 

The contraction of the musculus adductor mandibulae internus pte- 
rygoideus causes a pressure in a caudal direction and flexions in a 
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lateral and a ventral direction. The flexions increase caudally. The 
shape of the transversum fits these strains, it is rostrally a narrow plane, 
caudalwards changing into a more or less round bone. 

The musculus adductor mandibulae internus pterygoideus is atta- 
ched to the very latero-rostral point of the transversum. Consequently 
a turn round a dorso-ventral axis in the joint is made. The influence on 
the structure of the bone is small, because the transversum is relatively 
long. 

Another consequence of the lateral attachment of this muscle is the 
unequal spreading of the pressure of the caudalward component. It 
causes along the lateral side of the bone a high pressure stress, which 
spreads caudalwards over the whole breadth. Added to the stresses 
caused by the flexion, the bony mass will mainly be situated laterally. 

The influences of the muscles working in opposite directions can be 
added now. If doing so, one must realize, that the activity of the systems 
is non-simultaneous, so that the structure serving for the resistance to 
the strains in one direction, also must be taken into account for the 
resistance to strains in the opposite direction. 

The shape of the bone must be rostrally a plane in a latero-medial 
direction, changing caudalwards gradually into a narrower, somewhat 
higher bone and becoming most caudally more or less circular in 
transverse section. 

The bony mass in the rostral part is mainly located near the side, 
whereas the circumference of the neutral line is thin, because of the 
unequal position of the strain over the transverse section. 

This theoretically deduced shape is quite in accordance with the 
shape of the transversum of the viper. 

The described situation only shows a general trend. This trend is 
demonstrated in table I, where the calculated moments of resistance 
are given. The resistance to the dorso-ventral axis (Wy) is rostrally 
high, caudalwards it decreases. The most caudal part shows a some- 
what higher resistance. The resistance to the X-axis is very small. The 
calculated resistance to the main axes is of less value, since the strain is 
not exercised in their planes. A turn of the main axes at a fixed position 
of the transverse section (7.e. the natural position) shows the same trend 
(fig. 40). The transverse sections in the region of the articulations are 
determined by other factors. 

The articulation with the pterygoid has the shape of the last trans- 
verse section of the non-articular part of the transversum. It is some- 
what broadened, which is due to the difference in mechanical resistance 
of connective tissue and bone, as is pointed out in the chapter on the 


maxillare. 
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The supporting point for the transversum and the pterygoid during the 
swallowing act lies in that part of the pterygoid which bears the teeth. 
Moreover, ina special position the pterygoid is fixed caudally by the 
ligamentum quadrato-pterygoidale. At the start of the protraction the 
part of the pterygoid lying caudal to the transversum, may be conside- 


_-—— > 


Fig. 42. Transverse sections of the right pterygoid from caudal. The figures render 

the numbers of sections in the series. The traced arrows indicate the course of the 

fibres of the musculusprotractor pterygoidei and the musculus levator pterygoidei. 

The broken arrows that of fibres of the musculus adductor internus pterygoideus 
accessorius. 


red a beam supported at the rostral end. It is obvious that during the 
erection of the maxillare in the swallowing act the pterygoid together: 
with the transversum must be considered as one beam, turning on the 
hinge-joint of the transversum with the maxillare. At a second stage 
of the swallowing act the caudal part of the pterygoid must be regarded 
as a beam supported at its two ends, z.e. the rostral part of the pterygoid 
and the ligamentum quadrato-pterygoidale. 


THE HEAD OF THE COMMON VIPER 469 


Although at all stages of the swallowing act a movement of the ptery- 
goid occurs, the pterygoid may be considered as a beam in a static 
position, because of the great resistance given by the prey. 

At different stages in the swallowing act the influence of the muscle 
strain is of a different character. 

At the first stage the flexion is greatest close to the supporting point 
near the rostral part and decreases caudalwards. Moreover, the in- 
fluence of the musculus protractor is in this respect of less importance 
than that of the musculus levator. The flexion will occur in the direction 
of the course of the fibres, because a neutralisation of an influence in 
any direction does not occur by the presence of a joint. 

At the second stage of the swallowing act the greatest flexion happens 
at the place of attachment of the musculus levator, it is somewhat less at 
the place of attachment of the musculus protractor. Towards both ends 
of the beam the flexion decreases apparently. 

A rough addition of the resistance to the influences at both stages 
gives a flat bone with its greatest extension at the rostral part of the 
place of attachment of the musculus levator, 7.e. near the connection 
with the transversum. 

The great increase of the resistance against flexion rostrally is reali- 
zed by a thickening of the lateral side of the pterygoid (fig. 42), instead 
of a plate-shaped extension. The greater part of this thickening is 
lengthways transfixed by a canal containing bloodvessels and nerves. 
Probably, however, this thickening is mainly due to the partition of 
bony mass in relation with the mechanical factors, instead of to the 
presence of bloodvessels and nerves. The direction of the muscle fibres 
and thus the direction of the force is latero-dorsally, a little rostral- 
ward. Consequently in the latero-dorsal part the flexion and the pres- 
sure work in the same direction, whereas m the medio-ventral part the 
pressure partly compensates the flexion. 

Caudalwards the transverse section of the pterygoid is composed of 
two wings making an angle of about 120° with each other. This com- 
plicated situation is due to the presence of the musculus adductor in- 
ternus pterygoideus accessorius. Each wing is directed in the direction 
of the muscle strain of one of the muscles, forming a maximum resistan- 
ce against flexion. Suppose the muscles do not work simultaneously, 
then each wing plays a part in both flexions. The wing which is situated 
in the direction of the course of one muscle is practically the main resis- 
tant factor to that muscle strain. In theory there are four possibilities of 
placing the two wings together. The necessary place of attachment for 
the musculus protractor pterygoidei which runs into a latero-dorsal 
direction makes a latero-dorsal connection of both wings in a construc- 
tive sense improbable, In a ventrally connected situation the medial 
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direction of the wing to which the musculus accessorius is attached is 
plausible by the fact that an abrupt transition from the caudal structure 
into the rostral structure is constructively impossible. This wing is 
directed medialwards, so that the place of attachment of the musculus 
levator can be extended on the dorsal surface of this wing. If the wing 
should be directed lateralwards then an abrupt transition to the op- 
posite direction should be necessary for the extension of the musculus 
levator. A connection of both wings medio-dorsally does not occur, 
which can be understood from the assumption that in mechanical and 
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Fig. 43. Diagram of the surfaces of moments of resistance of the caudal part of the 
pterygoid. 


in ontogenetical sense a connection of both wings far from the primary 
part of the pterygoid is impossible. The calculated moments of resistan- 
ce (table I, Wx in the direction of the force of the musculus protractor, 
Wy in the direction of the musculus pterygoideus accessorius) show a 
regular increase from caudal to rostral. Between section 386 and 
375 a remarkable decrease is found, whereas it increases rostralward 
more than before. This difference in increase and the hiatus are due 
to the part serving for the resistance to the musculus pterygoideus 
accessorius. The moments of resistance, which can be expected for the 
strain exercised by the musculus protractor pterygoidei, will gradually 
increase from caudal to rostral. ‘The moment of resistance to the strain 
of the musculus pterygoideus accessorius is almost equal for the whole 
distance (with a small maximum in its centre) over which it is attached, 
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for the pterygoid may be considered a beam supported at two points, 
if the muscle contracts. One point is formed by the ligamentum qua- 
drato-pterygoidale, the other one by the supporting of the pterygoid on 
the prey. The direction of the moment of both resistances is different. 
If both moments of resistance can be taken into account for each strain, 
one being greater than the other, then each moment would be in- 
creased gradually from caudal to rostral. The moment of resistance for 
the musculus accessorius is considerably smaller than that for the 
musculus levator. The surface of moments would have the shape of that 
of the resistance to the strain of the musculus levator pterygoidei. The 
moment of resistance does not increase gradually, which is due to the 
influence of the wing to which the musculus pterygoideus accessorius is 
attached (Wy). The moment of resistance to the strain of the musculus 
accessorius can be derived from Wy. This number must be diminished 
with a number caused by the resistance of the wing for the musculus 
levator. This wing will have a small resistance in the Y-direction, be- 
cause its main extension lies almost perpendicular to the Y-direction. 
It shows a gradual increasement of its resistance rostralward. 

If the moment of resistance for the musculus levator increases gra- 
dually from caudal to rostral, then the increasement of the calculated 
moment of resistance in the caudal part of the pterygoid in regard to 
its centre part is due to the influence of the wing for the musculus ac- 
cessorius (fig. 43). Both resistances are realized by adding, not by 
integration. 

The inplantation area of the teeth passes caudalwards the articula- 
tion with the transversum. The functional requirement needs a placing 
of the teeth on the ventro-medial side. This situation is just contrary 
to the mass partition in these transverse sections. Consequently an 
extra strengthening is necessary. The strains exercised on the teeth are 
distributed equally. The directions of the strains lie perpendicular to 
the bone and in its longitudinal axis. The strains result in a normal and 
a transverse pressure and in a flexion. The resistance to these strains is 
proportional to the surface of the transverse section. The flexion is re- 
latively quite small by the very short lever. A certain outer shape can- 
not be derived only from the proportion between the pressure strain 
and the surface of the transverse section. This is the case with the ptery- 
goid in the part rostral to the joint and in the area of the joint itself. 
Only the extension or the mass of bone is related to these influences. 
The outer shape is probably correlated with the presence of an 
articular surface and the implantation of the teeth. 


The quadratum is connected with two joints. Consequently hardly 
any flexion will occur, because the strains in almost every direction will 
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result in a movement. The greatest strain will be exercised by the 
musculi adductores profundus and posterior, when the prey is swal- 
lowed in. 

In accordance with the muscle strains the quadratum is a rather 
narrow bone, somewhat flattened in the plane of the course of the 
muscle fibres. The detailed shape of the quadratum cannot be derived 
from the strains exercised by the muscles, since the share of every muscle 
in the strain diagram is unknown. 

The upper and lower end of the quadratum form the two joints. 

Generally the shape of a joint is mainly due to the requirements of 
moving. The constructive requirement for the joint with the lower jaw 
is the possibility of a high degree of movement in a parasagittal and in 
a transverse plane. The movement of the lower jaw in the parasagittal 
plane must be able to occur in every position of the quadratum. The 
quadratum moves as well into a rostro-caudal as into a medio-lateral 
direction. The consequence for the joint is to be a construction which 
allows a turn of the lower jaw round its longitudinal axis. The joint 
which permits flexion, extension, ab-and adduction and circumduction 
is realized in the saddle (cf. WELLS, 1951). All these terms are used in a 
dynamic sense. 

The pressure exercised on the inner surface of the joint stands as good 
as perpendicular to this surface. Suppose the pressure is equally spread 
all over the surface. Then the flexion (in mechanical sense) requires a 
knob, of which the position of the outer surface is dependent on the 
tension. 

The way of moving of the quadratum requires on the quadratum a 
lateraland a medial knob, on the lower jaw a rostral and a caudal one. 
The more or less lateralward directed position of the distal part of the 
quadratum, together with the articulation with the pterygoid result in 
a small difference between the medial and the lateral knob. The outer 
surface of the medial knob is somewhat flatter. 

The area between these knobs serves as an articular knob in the joint 
cavity of the lower jaw. Here occurs only a pressure, which is directed 
inwards. 

The joint with the supratemporale serves for the caudo-rostralward 
movement of the quadratum. Only a small movement into a lateral 
direction is useful. Out of many possibilities one of the simplest is 
realized. The top of the quadratum occupies laterally a flat area on the 
supratemporale. The upper part of the quadratum is flattened. The 
capsule of this joint is very loose. 

The supratemporale needs only to resist a strain in a medio-dorsal 
direction. It is flattened in the plane of the direction of this strain. The 
directions of the strains exercised by the musculus adductor mandibu- 
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lae externus medialis and the ligamentum parieto-supratemporale lie 
in the same plane. It must be remarked here that no pressure and hard- 
ly any flexion occur, because of the ligamentous transmission of the 
strains. The influence of forces will result in a movement and the re- 
maining strain will be spread over the skull by the ligaments. Only in 
the caudal part appears some flexion when the bone stands in the most 
medial or the most lateral position and the strains on the quadratum 
endure. In relation with this fact the sharp-pointed caudal part must 
be considered. The small sharp-pointed extension occurring sometimes 
on the lateral ridge can be understood as a place of attachment of the 
ligamentum supratemporale-glandulare. 


The lower jaw has a complicated structure. In functional respect it 
may be considered as a unity when serving for the swallowing act. 
Nevertheless the possibility exists of a division into a number of func- 
tional components. The connection of these components can be found 
in a rod, which is, when they are used simultaneously, here called: the 
lower jaw itself. 

The components are: 

1. the joint with the quadratum 

2. the part serving for the-attachment of the muscles 

3. the part bearing the teeth 

4. the area serving for the attachment of the ligamentum interman- 
dibulare 

5. the space occupied by nerves and vessels. 

The position of the lower jaw is dependent on the position of the 
articulation with the quadratum and on the position of the rostral point 
of the lower jaw. In the former chapter the conclusion could be made 
that the position of the lower jaw comes up to the constructive require- 
ments of the elements of the upper jaw. 

There is no constructive reason for a bent rod, unless the lower jaw 
must run parallel to the upper jaw. Ifthe last mentioned condition must 
be realized, then a bent caudal part of the lower jaw is the best con- 
struction. 

The biological significance of a bent jaw is important. Same as in the 
pterygoid, the caudal part of the lower jaw can be moved lateralwards, 
without a displacement of the rostral part. This phenomenon happens 
when the lower jaw is turned around the axis of its rostral part. 

The detailed shape of the jaw can be understood by dividing it into 
the components mentioned above. 

The lower jaw moves over variably long distances in the swallowing 
as well as in the poisoning act. The greatest distance is covered by the 
rostral point, the more caudally lying parts move over shorter distances. 
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The quite variable position of the lower jaw makes the influence of the 
surrounding components different in the different phases of the acts 
mentioned. ; 

During the swallowing act the jaw may be considered as a beam 
supported at both ends, 7.e. resp. the rostral teeth bearing part support- 
ed by the prey, and the caudal part supported by the quadratum. At 
the start of the swallowing the construction is labile, that is to say when 
forces are exercised on it, the jaw will start moving. For all that the 
construction can be looked upon as a statically determined one in a 
farther closed position of the mouth during the swallowing act. 

The loading on the jaw is made by the muscles, the reactions are 
given by the prey and the quadratum. The muscles running from the 
cerebral skull may pull from different directions and at different angles 
in an almost parasagittal plane. The caudal muscles run from the qua- 
dratum and consequently pull in an almost fixed position, because of 
the same position of the quadratum with regard to the lower jaw in the 
different phases of the act. 

The muscles cause a flexion, a transverse strain and a normal strain 
on the bone. The assumption of Haas (1931) that the lower jaw has 
only to resist a normal strain is wrong, because the muscles are attached 
to the lower jaw in such a way that they stand almost perpendicular on 
the longitudinal axis. The normal strain is very small because of the 
almost perpendicular attachment of the muscles. The transverse strain 
is greatest at both supported spots, but is of little influence compared to 
the flexion. 

The greatest flexion is found in the area of the rostral fibres of the 
musculus posterior. With respect to an equal distribution of the strain 
over the bone the maximum flexion lies rather caudally, because the 
muscle fibres are unequally divided over the entire area of the different 
places of attachment and the greatest amount of muscle fibres lies in the 
caudal part. 

The resistance of the various parts of the jaw must be in accordance 
with the flexion if a minimum amount of bony mass is present. This 
fact is proved indeed. In the rostral part the jaw is almost annular in 
transverse section (fig. 44), thus giving resistance to different directions 
of muscle strains. Caudalwards the annular shape disappears, and 
really the flexion resistance has increased (table I). The non-annular 
shape here is probably due to the entrance of the nervus trigeminus. 
The coincidence of the entrance of a nerve and the increase of the flex- 
ion resistance ought to be correlated with quite a big jaw, if it is annular 
in transverse section. The fixed direction, however, of the muscle fibres 
to the jaw in this area allows a plate-shaped extension. An argument 
that the muscles do not induce in constructive sense the plate-shaped 
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extension, lies in the fact of the attachment of the musculus pseudo- 
temporalis to the rostral part of this extension. The direction of the 
musculus pseudotemporalis to the lower jaw differs considerably during 
the swallowing act, so that in this area also a cylindrical lower jaw 
could be expected, if only the muscles would induce the shape. More- 
over, the fibres of the musculus posterior and the musculus profundus 
are not attached to the whole area of the extension. 


4 4 
407 
342 cart. 
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0.27™™m™ 


Fig. 44. Transverse sections of the left lower jaw from caudal. The figures render 

the numbers of the Sections in the series. b.v., bloodvessel; c.4., Meckelian cartilage; 

c.p., cartilaginous part of the “Groszknochen’’; cart., cartilage of the joint; dent., 
dentale; ‘“‘gr.kn.’’, ““Groszknochen”’; n., nerve branches; sfl., spleniale. 


The plate-shaped extension cannot be correlated with the required 
mechanical resistance at a later stage of the swallowing act. In every 
further backward position of the prey the flexion will be less than at the 
start of the swallowing, because of the loading which lies over the whole 
length of the jaw, the greater part lying in the caudal half. So in every 
position of the prey the surface of moments lies within the surface of 
moments for the entire jaw. 

Assuming a precise adaptation to flexion of the bony mass in the 
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transverse section several possibilities exist for the construction of a jaw 
with an annular transverse section. The same flexion resistance as oc- 
curring in a massive circular section can also be realized by a ring with 
a great radius. But the greater the radius the smaller the surface of the 
bone in the transverse section. On the other hand the surface of the 
bone in the transverse section cannot decrease below a determined 
extent, which is dependent on the size of the transverse strain and the 
pressure. The realization of a precise adaptation to both these strains 
and the flexion is to depend now on the resistance of the bony material 
against these strains. 

The annular shape of the transverse section of the lower jaw is not 
maintained in the teeth bearing part and in the parts ventral and cau- 
dal to the joint. 

Between the rostral teeth bearing part and the area of muscle attach- 
ment lies a rather loose intermediate part. 

The rostral part, bearing the teeth, consists rostrally of two parallel 
bony plates, running into a dorso-ventral direction. These lateral and 
medial plates are connected on three places: ventrally, dorsally and 
halfway between. This structure is coherent with the direction of the 
pressure exercised by the prey. This pressure is mainly exercised on the 
teeth and partly on the medial side. The flexion and the transverse 
strain work by means of the teeth in the plane of the greatest extension 
of the jaw, that is the direction in which the teeth are placed. 

Caudalwards the pressure on the medial side increases—the teeth 
are directed more medialwards and the prey lies at this stage between 
the jaws—which must give rise to a strengthening in a latero-medial 
direction, realized in the connecting plates. More caudalwards the 
area with a dorso-ventral resistance must change into an area with 
resistance in many directions, the annular transverse section. The in- 
termediate part, however, is rather more complicated than would be 
expected. . 

Together with the change of shape a change of bony elements hap- 
pens. The dentale is transplaced by the ‘‘Groszknochen’’. The lateral 
plate of the dentale disappears and the medio-lateral connections be- 
come firmer. The incisura in the lateral plate of the dentale is filled up 
by the “Groszknochen”. The middle connection in the dentale disap- 
pears and the “‘Groszknochen”’ becomes T-shaped in transverse section, 
1.e. a long rod in a dorso-ventral direction and a smaller one in latero- 
medial direction (¢f. fig. 44, section 118). Caudalwards the dorsal part 
of the T-shaped bone disappears and the remaining parts grow circular. 
In this intermediate area the medial plate of the dentale disappears and 
is replaced by the small spleniale, which is caudalwards firmly con- 
nected with the “Groszknochen”’ by connective tissue. In the medial 
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fenestra is also a loosely connected element, the angulare, according to 
VERSLUYS (1936). 

Mechanically this construction is unfavourable in many respects, 
only a tension can be resisted. According to VersLuys (1936), referring 
to ConyBEare and Buckxanp, the lot of elements would give a favour- 
able mechanical resistance. Indeed, this holds good if the elements are 
situated parallel to each other and so constitute a simultaneous resis- 
tance in a certain direction. The loosely connected elements are, how- 
ever, placed in series giving hardly any resistance to flexion nor to 
pressure. 

The functional or biological significance of the weak intermediate 
part is the same as that of a joint. The rather strong movability in 
lateral direction and the small one in ventral direction permit a bend- 
ing of the rostral part in these directions. The pressure on the prey by 
the adductor muscles is lowered and a flexion, as would take place in a 
firm rod, does hardly exist. 

The presence of two separate small elements, the spleniale and the 
angulare, cannot be explained from this. We may assume that this 
structure can be regarded as an ontogenetic or phylogenetic one, upon 
which no or hardly any mechanical demands are made. 

The area ventro-caudal to the joint shows a peculiar structure, in- 
fluenced simultaneously by three components: the joint, the musculus 
pterygoideus and the musculus depressor. 

In principle the joint has the same shape as that on the quadratum. 
It is, however, fully incorporated by the other structures of the lower 
jaw, so that the outer circumference does not show a spherical shape. It 
is rostrally continuously connected with the plate-shaped extension, 
which can give the same mechanical resistance. Laterally and medially 
the outer spherical shape is more or less present. Caudally it disappears 
partly into the processus retro-articularis. Ventrally the outer circum- 
ference does not occur. The ventral surface of the lower jaw coincides 
with the outer surface of the joint. 

Between the inner and outer surface of the joint a connection is made 
by a parasagittal bony plate. This varied construction is correlated 
with the entrance of a nerve and bloodvessels. The opening for these 
elements in the lower jaw lies in the medial surface ventral and caudal 
to the joint and consequently the entrance in the cavity ventral to the 
surface of the joint gives rise to a connection of this cavity with the 
outer circumference. The mechanical resistance of the medial part of the 
joint is decreased strongly. The bony parasagittal plate in the middle of 
the jaw may be regarded therefore as a strengthening of the joint, as a 
consequence of the entrance of nerve and vessels. 

The second consequence of the existence of this opening is the place 
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of attachment of the musculus pterygoideus. The attachment is limited 
to the ventro-medial side, thus ventral to the opening. A thick part ofthe 
lower jaw is correlated with this attachment. The direction of the strain 
during the swallowing must lie in almost the same direction as the 
longitudinal axis of the jaw, for the fibres are attached almost tangen- 
tially. It seems plausible to consider the thickened ventro-medial ridge 
as a resistance to the pressure. 

Caudal to the joint the dorsal surface is occupied by the area of at- 
tachment of the musculus depressor. The constructive influence here is 
for us uncertain. The construction is, in relation to this muscle influen- 
ce, in mechanical view statically undeterminable. However, there will 
probably occur hardly any flexion, because of the short lever between 
supporting point and place of attachment of the muscle fibres. Since 
the fibres are perpendicularly attached to it, only a transverse strain 
influence perpendicular on and a pressure influence on a plane parallel 
to the dorsal plane can be expected. These strains may be an explana- 
tion for the trabeculae which occur in the direction of these strains. 

Generally the shape of the lower jaw can be understood by the con- 
structive properties required by the surrounding parts. Many detailed 
structures remain unexplained, though. This may be due to four 
factors: 

1. the strains caused by the different muscles are considered strongly 
diagrammatically; the strains are considered for ideal situations, and 
this does not hold good for curved surfaces of an irregular shape and 
with foramina 

2. in many cases the integration of components could not be eluci- 
dated 

3. in the consideration of the structure is not or hardly reckoned with 
the elasticity of bone and cartilage 

4. the processes of growth and demolition complicate the structure. 

Between the discussed structures of the lower jaw remains plenty of 
room. The greater part is occupied by nerves and vessels. The rest is 
occupied by the cartilage of Meckel (fig. 44), running from rostral in 
the dentale to caudal in the processus retro-articularis, interrupted by 
the joint. The function of the Meckelian cartilage at the adult stage is 
unknown. In mechanical respect it is unimportant. If it has any func- 
tion it is the elasticity in the intermediate area. It is more plausible, 
however, that this cartilage has no function at all at an adult stage. It 
may be an ontogenetical structure that has lost its function. The lack 
of knowledge of functions of ontogenetical structures makes it impos- 
sible to give any valuable remark on this point. 
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3. The teeth 

The curved shape of the teeth cannot be understood from a mechani- 
cal point of view. Indeed, the flexion is decreased by the curved line of 
the tooth, but on the other hand the total amount of material increases 
relatively. The realization of the same distance from the basis to the tip 
of a tooth results in an increasement of the amount of material in the 
curved tooth compared to the straight one. Comparing their lengths 
the curved tooth is mechanically a more favourable construction. 

The small teeth on the lower jaw, the palatinum and the pterygoid 
are a little curved caudalward. The function of the curved teeth is im- 
portant for the holding of the prey. A movement of the jaws in regard 
to the prey parallel to these jaws will result in a movement also perpen- 
dicular on the jaw, so that the teeth are pushed further in. 

A special complication is originated in the position of the poison- 
fang. This tall tooth shows about the same curve as the small teeth. 
Only the tallness requires a possibility of a turning of the tooth. This 
movability of the tooth and its curved shape are correlated now in a 
curious way. 

First a curved tooth can be considered as a consequence of the mova- 
bility. At one hand the fang must be bent in such a way that the sharp 
point does not project into 
the closed mouth-cavity. 
The distance between the 
articular surfaces on the 
maxillare preventsa turning 
ofastraight fang farenough. 
In a curved fang the point 
shall not project, even if the 
turn is small. 

On the other hand a 
curved fang allows a neces- 
sary closing of the mouth 
with a retraction of the 
mazxillare, if the direction of 
the injection of the fang 
must keep the same angle 
with the jaw. Fig. 45. Diagram showing the different positions of 

Secondly the movability the maxillare, when the poison-fang is pushed into 


may be regarded as acon- the prey along its axis. The broken line indicates 
66 urved fang. the rest position. The arrows render to the direction 
shin the e : t Se of the head, if the maxillare should be immovable. 
uring t einjection ae ne m., maxillare; p.f., poison-fang; ér., transversum. 
fang will follow the line of its 
own curve (fig. 45). If the direction of the body of the animal does not 
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or scarcely change, or in other words, if the animal will not be turned 
round, then a retraction of the fang must be possible, so that the fang 
describes a line of its own curve. The entire animal, however, will be 
moved rostralwards during the injection act. 

In fact this situation means a considerable decrease of the flexion on 
the fang. 

From this may be concluded now that both constructive properties 
(the curved fang and its movability) are adapted to each other, or in 
other words that both properties show a constructive totality based on 
a necessary long poison-fang. 

According to KLAUBER (1939) the curve of the teeth should be cor- 
related with the way of biting. KLAUBER does not mention a relation 
between the movability of the maxillare and the size and curve of the 
tooth. Such a relation does exist, though (compare Crotalus, Bothrops 
and Naja; KLAUBER, 1939). The fact that big snakes have relatively 
taller teeth, which are thicker walled, is probably due to the fact that 
these teeth must mainly resist a flexion instead of a pressure. 

The greatest flexion takes place at the base of the tooth and here lies 
the attachment to the maxillare, whichis relatively weak. It happens fre- 
quently that the fangs are broken off during the injection act and the 
small ‘teeth during the swallowing act. The broken fang is replaced 
within a short time by its neighbour (theory of Tomes; KLAUBER, 1939). 
A considerable amount of different developmental stages is found in a 
bag medio-ventro-caudal to the fang. These stages of tooth develop- 
ment are arranged alternately. As is shown the occurrence of shedding 
has a relatively great influence on the structure of the bone. The same 
situation holds good for the shedding of the small teeth. 

The places of the teeth in development lie at different sides from the 
adult teeth. The young poison-fangs are situated between the adult one 
and the transversum, the young teeth of the palatinum and the ptery- 
goid lie lateral to the adult row and those of the dentale are arranged 
medially. In every case, however, 2 Ue young stages lie in the best pro- 
tected situation. 

The shedding of teeth at adult stages is closely related to the acrodont 
situation. In cases of a thecodont implantation the chance of a break-off 
1s more remote. 


4. The nerves 
The course of the nerves innervating the jaw system (figs 32, 33 and 
34) must meet the requirement of the large movability of the parts. 
The course of a nerve is determined by its origin and the innervated 
area. Generally the origin will not be changed, but the area of inner- 
vation can be moved considerably. This movement in the innervated 
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areas is most extensive at the lower jaw and the connected parts, it is 
less at the upper jaw. 

The jaw and the surrounding parts are innervated by the nervus 
trigeminus and the nervus facialis. The branches of both nerves have 
the length of the distance between the origin and innervation when the 
mouth is widely opened. Ina closed position of the mouth the distance is 
considerably diminished, so that the nerve must be retracted by elastic- 
ity or be twisted. Whereas no nerve can be contracted by elasticity, the 
second way is realized. The ways of twisting differ much and are highly 
dependent on the extent and the direction of the movement. 

The greatest movement of the innervated area is found for the ramus 
mandibularis nervi trigemini. In the most opened position of the lower 
jaw this branch lies in an almost straight line from the origin to the en- 
trance in the lower jaw. In closed position of the mouth the nerve is 
curved. Close to the outlet in the cerebral skull, where the course is 
changed from ventral into caudal, it has a sharp curve. After running 
a short distance caudalwards, the nerve curves ventralwards and then 
runs gradually rostralwards into the canalis primordialis. A most re- 
markable fact is that the parts of the nerve that are situated near the 
foramina keep the same position in every phase of the movement. Or 
in other words, the nerve will never get into contact with the bony 
ridge of the foramen. In the low and perpendicularly situated lower 
jaw it must as a matter of fact enter gradually. The consequence of 
such an entrance is a long foramen anda rostral course of the nerve. The 
constructive influence of a long foramen on the construction of the 
lower jaw is discussed above. 

The ramus mandibularis branches off some smaller nerves, which 
innervate the musculus adductor, the tissue around the teeth and the 
teeth themselves, the floor of the mouth-cavity and the glandulae 
labiales. These innervated elements are not movable with regard to the 
lower jaw, so that the diameters of the foramina for these nerves can be 
equal to the diameter of the nerve-branches. ‘The foramina are circular. 

A number of branches of the nervus trigeminus splits off close to the 
origin. These branches innervate the muscles. The movement of these 
innervated areas is less than that of the lower jaw, though still consider- 
able. The branches of which the main part has been described, run 
between the muscles in short twistings. The curves differ in several 
branches, but the general pattern is the same. 

It is uncertain which factors determine precisely the peculiar curving 
of the nerves. 

The ramus maxillaris is influenced to a less degree .by the jaw appa- 
ratus than the ramus mandibularis. The curves are smaller. In the 
neighbourhood of the ductus venenatus are some curves, directed 
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rostralward in a closed position of the mouth. The connective tissue 
around the gland and the ductus is stretched during the injection act, 
so that the nerve is stretched too. 

The ramus ophthalmicus superficialis shows no curves at all. In its 
area no or hardly any movement happens. 

The nervus facialis runs almost straight to the musculus depressor 
mandibulae, along the columella auris. The columella runs from the 
fenestra ovalis to the centre part of the quadratum. With a latero- 
rostral movement of the quadratum the distance between the fenestra 
ovalis and the centre part of the quadratum varies very little. 

The nervus glossopharyngeus and the nervus vagus must bridge a 
quite movable corner of the mouth to reach their innervated areas, of 
which the positions change much. Both nerves are curved spirally close 
and caudal to the corner of the mouth, in such a way that on a very 
small spot a very long nerve band is situated. Close to the tongue the 
glossopharyngeus lies also in spiral-shaped twistings. Moreover, the 
four branches of the nervus glossopharyngeus run rostralwards, bend 
caudalward and innervate the tongue muscles far caudally. In the 
most forward position of the tongue these branches are stretched. 

Generally the nerves are just as long as is required by the greatest 
distance to be bridged. It was possible to show this in freshly killed 
animals and preserved ones. Only the lengths of the nervus glosso- 
pharyngeus and nervus vagus around the corner of the mouth could 
not be exactly determined. Probably the extension of the mouth-cavity 
during the swallowing act plays an important rdéle in the determination 
of the distance to be bridged. 


5. The bloodvessels | 

The great elasticity of the bloodvessels makes any special construc- 
tion in view of the distances to be bridged, superfluous. The smaller 
vessels only branch off close to the places where other elements move 
over relatively small distances. The carotis enters the head region close 
and caudal to the joint of the lower jaw, where it splits. The next 
branching lies caudal to the foramen nervi trigemini. 


6. The glands 

An essential component at the swallowing of a big prey is a number 
of glands, which excrete a product serving for the gliding of the prey 
and the digesting. Snakes that kill their preys by venom have a glandula 
venenata. 

The functional aspects of a poison-gland concern: 

1. production of a minimum amount of venom 

2. injection of the venom into the victim within a short time. 
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The minimum amount required depends on the chemical-physiolog- 
ical property of the poison for the prey. The chemical properties 
(SLorra, 1953) and the lethal dose (HAMILTON Fairey, 1929; KELLA- 
WAY, 1929) of the poison of many snakes is known. A correlation be- 
tween these properties and those of the gland-cells in respect of their 
number, size and situation is lacking, however. 

The general outer shape of the gland is, concerned to its functional 
properties, not restricted to any special shape. The position of the gland 
is, broadly speaking, between the old upper jaw and the neurocranium. 
A comparison of different venomous snakes learns, that the shape is 
more or less equal to the room left between upperjaw and neurocranium. 
Only the genera Causus and Doliophis show a poison-gland that passes 
the quadratum (Haas, 1952). 

The position of the gland is correlated with the adductor muscles, in 
this respect that the gland does not reach more caudally than the ad- 
ductor muscles and therefore it must be determined more or less by the 
space left between these muscles and the lip. 

This strong connection with the adductor muscular system must be 
considered an adaptation to the special way of killing the prey. The 
bite in the poisoning act is main- 
ly caused by the adductor system. 
The penetrating of the poison- 
fang into the prey occurs then 
simultaneously with the injection 
ofthe venom. KATHARINER (1900) 
and Haas (1931) and many other 
authors (WOLTER, 1924) follo- 
wing HaGER (1906) meant that 
the musculus adductor externus 
superficialis should empty the 
poison-gland like a hand presses 
a ball (HAGER called this muscle 
the musculus compressor glan- 
dulae). However, the muscle is 
not attached over the entire sur- 
face of the gland and moreover, 
the contraction cannot have the Fig. 46. Transverse section through the left 
character of that of a sphincter, poison-gland from caudal. ¢.t.p., connective 
since the fibres run straight tothe tissue plate; gl.c., gland-cells; M.4.M.€.5. 2, 
LS ee a pester etary Ppa en ae 
ventralwards by the muscle and sheheaand: 
so a mechanism must be present 
to resist this movement. Partly this resistance can be given by the liga- 
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mentum supratemporale-glandulare, but this is fairly weak and connec- 
ted to a rather movable bone. The main resistance is caused by the 
musculus adductor posterior, which pulls the gland dorsalwards. 

The demand of a quick excretion combined with a drawing to two 
opposite sides requires a bottle-like gland. The ductus venenatus and 
the canales inside the poison-gland lie all in a line. Besides, a special 
inner structure must be present. The gland will expand into the direc- 
tion perpendicular on the working-line of the pulling power, or in other 
words the distance between lateral and medial will be enlarged. If this 
phenomenon would occur, then no venom could be excreted, especially 
in the case of a required pressure during the injection. This enlargement 
now is resisted by some parallel connective tissue plates, running from 
the lateral to the medial wall of the gland (fig. 46). 

The gland is supported by two ligaments, of which the precise func- 
tion is unknown. They may have a significance in supporting the gland 
at that stage of the closing of the mouth when the musculi adductores 
contract. A movement of the gland is prevented then. 

The small glands close to the outlet of the duct in the poison-fang 
excrete, according to WOLTER (1924), a product which closes the canal. 
The relation between form and function in this gland is unclear. 

Concerning the other glands may be stated, that the large amount of 
glands and their big size is an adaptation to the swallowing of mammals 
(FoNTANA, 1781; TIEDEMANN, 1813; SEIFERT, 1823; PHISALIX, 1922). A 
simple correlation cannot be supposed, since the glands have also other 
functions (BROMAN, 1918, a.o.). 

Almost every gland is surrounded by tissue of great elasticity, so that 
a relatively great pressure is exercised on them. An exception is made 
for the glandula Harderiana and the glandula nasalis. For these very 
glands BRomaN (1918) gives other functions, e.g. in the functioning of 
the organ of Jacobson. 

Many authors mention the fact of dependence of the size of the glan- 
dulae labiales to that of the glandula venenata (REICHEL, 1883; Puisa- 
LIx, 1922). The glandula venenata should be a part of a labial gland 
and so it could only develop as a certain kind of gland. It is quite im- 
probable that this glandula tissue would not show any adaptation to the 
function of the glandula venenata. In some species of the genus Vipera 
proper glandulae labiales should occur not at all (FAHRENHOLZ, 1937, 
referring to DuvERNoy, MeEcKEL, MULLER). According to Drrmars 
(1912) these vipers eat the same kind of food as Vipera berus, an inclina- 
tion, however, occurs for lizard eating. 

The shape of the glandula Harderiana is strongly influenced by the 
eye. Its rostral side is concave and ventral to the eye it is very narrow. 
It occupies the area between the eye and the transversum. 


| 
| 
| 
1 
| 
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Generally the glands may be regarded as organs which occupy a 
determined room, without a special outer shape. 


As for a few other glands, not discussed above, we may refer to 
FAHRENHOLZ (1937). 


7. The tissue in the mouth-cavity and the skin 

Closely correlated with the ability of swallowing a big prey is the 
flexibility of the tissuein the mouth-cavity and ofthe skin. In both casesa 
similar structure exists, namely a widely folded cover. Apparently the 
folds in the mouth-cavity are placed rather voluntary. In fact, however, 
the folds lie on places determined by other elements: the lower jaw, the 
tongue, the upper jaw and the glottis. The opening, through which the 
prey can be passed, in extended position is about 9 times that of the 
opening in closed position, so that a mouse, of which the size is about 
10 times the volume of the viper’s head can be swallowed. The same 
holds good for the skin. Here the folds are not determined by other 
elements in the head, but by the scales. The folds lie between the scales. 
The flexibility increases considerably at an increase of the number of 
scales. This is probably the significance of two rows of scales between 
the labiales and the eye, and the division of the parietale and the tem- 
porale into a great number of scales. In the area dorsal to the eyes no 
stretching can occur. Many Viperidae show a large supra-oculare and 
a large frontale (SCHREIBER, IQI2). 


B. THE BRAIN AND THE CEREBRAL SKULL 


In a study of the correlation between the functional components and 
the entire head it would be necessary to divide the brain into parts 
which belong to the distinct functional components. However, such a 
consideration is impossible, since the function of many parts of the 
brain is unknown. Therefore we can only make some rough remarks 
and consider the entire brain. 

More or less belonging to the feeding mechanism the ventral part of 
the myelencephalon may be regarded as an adaptation to the great 
extent of the feeding mechanism. The great extension of the myelen- 
cephalon and its far ventral position may be understandable in this 
respect (ARIENS Kappers, 1934). In the same way are the big telen- 
cephalon, the small dien- and mesencephalon understandable. As to 
the metencephalon no conclusion can be made as yet. Perhaps the lack 
of limbs is correlated with it (Arrens Kappers, 1934), although the 
locomotion is rather complicated in snakes. 

Generally the brain of the viper is relatively big (VAN DER KiaAauw, 
1948, referring to Dusots), so that it occupies an important part of the 


486 P. DULLEMEJJER 


total space in the head. The volume for the brain is mainly extended in 
lateral direction, because the height of the cerebral skull is low, in ac- 
cordance with the outer shape of the head. This outer shape has some 
significance in the way of creeping. Besides, the outer shape of the brain 
is also influenced in some regions. The remaining parts have an inde- 
pendent shape. 

In the orbital region a correlation exists between the eye and the 
brain. As we have explained, it is probable that the breadth of the head 
in the orbital region is dependent on the olfactorial caudal breadth and 
on the size and position of the maxillaria. The shape of the brain will 
be influenced by the eye, if the animal is so small that the eye reaches 
from the skin to the brain. In bigger animals, where the brain and the 
eye are relatively small, the components do not reach each other and 
cannot have any influence on each other. Dependent on this situation 
we shall find either a tropidobasic or a platybasic structure. Both these 
structures are therefore independent of the movability of the maxillare. 

So we find a tropidobasic structure in Thamnophis sauritus (L.), Tropi- 
donotus natrix (L.), Chironius carinatus (L.), Dendrelaphis pictus (Gmel.), and 
Leptophis ahaetulla (L.). Platybasic are e.g. Eunectus murinus (L.), Con- 
strictor constrictor (L.), Naja nigricollis (Reinh.), and many others. 

The cerebral capsule joins the brain, except in the occipital region. 
The wall of the cerebral skull is almost everywhere equally thick. 
Generally the ventral wall is thicker than the dorsal one. This is cor- 
related with the enormous strains exercised on the ventral wall by the 
prey. On places where the strain is not exercised directly or perpendic- 
ularly on the surface the wall is thinner, as is realized under the occi- 
pital muscles (fig. 35). 

The ventral wall of the cerebral skull ends rostro-laterally in a crista, 
to which the membrane of the mouth-cavity is attached (fig. 2). The 
strong strain exercised by the prey on this membrane makes this com- 
parable with an aponeurosis in a big muscle. The same is the case with 
this crista, which is in functional sense comparable to the crista of an 
aponeurosis. 

Some regional structures are remarkable. First, the hypophysis is 
surrounded by bone, which results in a local thickening of the ventral 
wall. Secondly, the double bony wall around the foramen V may be 
regarded as a strengthening of the lateral wall (VERsLUys, 1936). 
Thirdly, the partly median thickening of the frontale is to be considered 
as an extra resistance to a shearing strain at a connection of two bones. 
This phenomenon occurs in a less degree in some other connections, 
e.g. in the otical region. 
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For a discussion of the detailed parts of the eye may be referred to 
FRANZ (1934) and TRENDELENBURG (1943). 

Important in this investigation is the fact that in an optical apparatus 
with lens structures the retina must have a concave plane. Or in other 
words, the eye will always be a more or less spherical element (TREN- 
DELENBURG, 1943). 

Dependent on the use in dark or in light the eyes of snakes have 
either a long or a short vestibulum (FRANZ, 1934), which is clearly per- 
ceptible in the outer shape. Many authors (BRoMAN, 1919; FRANZ, 
1934) have emphasized the functional correlation existing between 
the fixed transparent skin-part over the eye (the so-called fused eyelids), 
the size and outlet of the glandula Harderiana, the organ of Jacobson 
and the bifurcated tongue. 

The orbita has about the same shape as the eye. The wall joins the 
eye mainly dorsally and medially. Concerning the correlation between 
the position of the eye and the brain may be referred to the chapter on 
the brain. The orbita has a concave shape. At the place where the 
cerebral capsule joins the orbital wall it has the shape of the orbita (fig. 
31). At the place where cerebral capsule and orbital wall diverge dor- 
sally the cerebral capsule is not influenced and between both bony 
layers is left a shallow groove. The praefrontale is concave where form- 
ing the rostral orbital wall. Since the olfactorial capsule also invaginates 
the praefrontale and the ductus of the glandula Harderiana passes 
through it, the problem of the conduction of the pressure from the 
maxillare arises. The resistance to this strain requires a certain size of 
the surface of the transverse section. The ductus passes the joint with 
the maxillare laterally, so that no strain can be exercised in this area. 
This course of the ductus must be regarded as an adaptation to the 
functions of strain-conduction of the praefrontale, for it runs from the 
glandula a little laterally, and bends medially rostral to the praefrontale. 
The main strain is conducted along the medial side, which is the short- 
est distance between the joint with the maxillare and the roof of the 
cerebral skull. The thin plate, however, left between the orbita and the 
olfactorial capsule has hardly any resistance to flexion in a caudal-rostral 
direction. The lateral plate in the parasagittal plane and lateral to the 
ductus may be considered an adaptation to such a strain. For the 
resistance to pressure it plays hardly any réle, because ofits far lateral 
position. The pressure exercised by the maxillare is mainly attached ° 
medially. / 

The roof of the orbital wall is membranous, and may be considered 
as a place with no or hardly any resistance to strain. The only strain to 
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occur is via the eye. In extreme circumstances during the swallowing 
act a small pressure is exercised on the eye. The main part of the strain 
is resisted by the ligamentum orbitale superior. 

The caudo-ventral part of the orbita is not closed and is occupied by 
some soft parts, joining the eye in form. 


D. THE NOSE AND THE ORGAN OF JACOBSON 


The nose and the organ of Jacobson are functionally closely related 
(BROMAN, 1919; KAHMANN, 1932). No data, however, are to our dispos- 
al about the relation between the surface of the epithelium and the 
smell susceptibility, nor about the relation between both organs. ‘The 
size of the olfactorial capsule differs in different snakes. Generally this 
capsule is relatively smaller in bigger snakes, as shows a comparison in 
Crotalus and Lachesis (cf. VERsLUYS, 1936). Since the maxillare in the 
bigger species is of a rather big size, the capsule is placed there relatively 
more medial than rostral to the maxillare. 

The lateral position of the outer opening of the nose has a biological 
significance for the creeping way of living and the looking for prey in 
holes. A general comparison with species which have another way of 
living shows a relation between the position of the opening and this 
way of living (KATHARINER, 1900). 

The position of the nostril determines one end of the olfactorial tun- 
nel. ‘The choane determines the other end. Between both ends the 
tunnel has a quite different shape in different species. 


E. THE OTICAL REGION 


The acoustic organ is realized among many other things in the colum- 
ella auris, which in the viper runs from the quadratum to the fenestra 
ovalis. No experimental evidence could be obtained on a acoustic 
susceptibility (ApRIAN, 1938). The remark of Von BupDENBROCK 
(1952) that the lack of a tympanic membrane should make hearing 
impossible, need not be right. The connection of the columella with the 
quadratum and the membranous connection of the stapes in the fene- 
stra ovalis indicates just in the opposite direction. If snakes are deaf 
indeed, then the presence of a columella is hardly to understand. 
The statical organ gives no motive for a discussion. 


Bel eh ONG, Unk 


For the relation between form and function of the rostral part of the 
tongue may be referred to BRoman (1919). The total length of the 
tongue is twice as long as the part which must be put out, because the 
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contraction of the muscles is about 50%. The simple shape of the 
tongue and tongue-bone is only to understand in negative sense. The 
simple movement (putting out and retracting and an oval oscillation) 
requires only a simple structure. 


G. THE GLOTTIS 


The glottis lies close to the choane, which assures a continuation of 
the respiration in a closed position of the mouth. The position of the 
choane has no significance in the swallowing act, as GOppERT (1937) 
states. The glottis is pressed against the tongue during the swallowing 
act, so that the distance between the choane and the glottis is enlarged. 
This situation probably takes place in every snake. In one viper, which 
had swallowed the prey halfway, it could be observed by lifting the 
prey with a forceps. In pictures of a python the same situation could be 
observed (pictures of a snake film made by the ‘‘Wissenschaftliche 
Film’, Gottingen). 

Besides these direct observations this situation could be derived from 
the position of the muscles which move the glottis. The glottis is closed 
during the swallowing act and respiration does not occur. 


VI. THE NATURE OF THE CONNECTIONS 


In the foregoing chapters an explanation was given of the relations and 
connections of the elements in the head of the viper. The connections of 
the elements are very close, thus forming the functional components. 
Considering the entire head no separate and loose functional compo- 
nents can be distinguished as VAN DER KLAAuw (1945) could assume 
at the outset of his conception in relation to the skull. The close con- 
nection includes a considerable influence of the elements on each 
other. This influence is of different character: structural, positional or 
functional. Moreover, the structure, shape and position of an element 
depends on the function required in the mechanism (fig. 38). The 
number of factors influencing an element is relatively small. The ele- 
ments have a rather high degree of individuality; they are arranged in 
a pattern, in such a way that the correlation is mostly indirect (table II). 

In principle it is possible to divide the head into a number of functio- 
nal components. However, this division will be artificial, because of the 
connection and the dependence of the elements of different functional 
components. 

In spite of this imperfection in the division, the functional compo- 
nents can be distinguished even on different levels. In general these 
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components are built of different tissues, only on a quite low level the 
component may be formed by one tissue. Therefore the distinction of 
these tissues will not coincide on the whole with the division of functio- 
nal components. 

A division of these functional components into smaller functional 
units: apparatus, constructions, constructive elements etc., leads to the 
distinction of different parts as functional elements in these components 
on a higher level. The components are built of different elements, which 
may have different properties concerning their composition of tissues, 


TABLE II 
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The influence of some elements on each other. On the short side are placed the in- 
fluencing elements, on the long side the influenced elements. p, positional; pr, by 
presence; s, structural. Further explanation in the text. 


e.g. a component may have a skeletal part, a musculous part, a nervous 
part, etc. If these smaller parts are connected now by that part of a con- 
struction which has equal properties, then a connection of these ele- 
ments to a unity is possible, e.g. the cerebral skull, the old upper jaw, 
the lower jaw. These unities are morphological unities as distinguished 
in the systematic anatomy but are not equivalent to functional unities. 
Consequently the skull or the muscular system cannot be considered as 
a functional unity. A division of functional components for these parts 
seems therefore less valuable. 

The distinction of components on different levels leads to a hierar- 
chical system of which the realizations of the so-called main functions 
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(fig. 38) form the toplevel. The lowest level which can be seen lies in 
the microscopical field or still farther. 

On every level now the problem arises of how the components are 
related to their function, how they depend on each other, how they are 
connected and how their form is totalized. Many of these dependences, 
connections and integrations are elucidated in the preceding chapters. 

The most remarkable fact in the integrations of the lower functional 
components into a higher one is that they are connected by parts of 
them, so that in most cases the other parts of the components do not 
show a direct correlation, but an indirect one. They form a pattern. 
The appearance of this pattern not only depends on the connection of 
thecomponents by means of their parts, but in addition it also depends 
on the size and the outer shape of the animal and the relative size of 
the prey. ; 

By these indirect and complicated influences the determination of 
indices of rather at random chosen elements is rather disputable. 
Generally the indices show a different trend, in only few cases do the 
relations indicate in similar directions (KLAUBER, 1939; ANTHONY, 
1955). Nevertheless the differences in trend may show a similar tendency 
in the pattern. It seems more valuable to start at first with a research 
into the significance and the relation of the elements in the pattern. 

The so-called “untransparent” relations (VAN DER KLAAuw, 1950) 
can be understood in the same way. 

It may be remarked that a real comparative functional morphology 
is based on a comparison of the patterns of different taxa. 

The connection of the components is quite different in many cases, 
hencemany problems may arise. The only problem mentioned here occurs 
if one element has several functions. In this case four possibilities exist: 

I. a realization of every function in this element separately 

2. a structural compromise 

3. atotal shape being an integration in that every componentis entirely 
realized, but the shape is unequal when the components are simply added 

4. or a structure, which allows more functions for the same element. 

A realization of every function separately is found in the pterygoid, 
concerning the placing of the teeth and the mechanical resistance to 
muscular tension; in the shape of the pterygoid concerning the places 
of attachment of the musculus adductor mandibulae internus ptery- 
goideus accessorius and the musculus protractor pterygoidei; in the 
maxillare concerning the dorsal ridge of the joint with the transversum 
and the maxillare itself; the presence of cristae on the parietale, occipi- 
tale and other elements and the bony elements themselves. 

Some examples of a structural compromise are: the courses of the 
musculus levator and the musculus protractor pterygoidei; the joint 
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between the transversum and the pterygoid; the course of the ductus 
Harderianus; the relatively fixed position of the eye, etc. 

Examples of an integrated structure are: the maxillare, the transver- 
sum, the middle part of the pterygoid, the part of the lower jaw rostral 
to the joint, the musculus retractor vomeris. The integration lies fre- 
quently on a microscopical level. 

A realization of every function separately requires in many cases also 
a microscopical integration. 

A structure that serves for more functions is found in bones, which 
have a resistance to different strains. These strains must have then an 
equal influence, e.g. the size of the surface of a transverse section can 
be the same in resisting a pressure or a transverse strain of equal amount. 

Another example of this situation lies on a higher level. The upper 
jaw serves for the swallowing and the injection acts. The cervical 
muscles function in the movement of the head during the swallowing 
act and the locomotion and injection. In these cases the function of the 
small elements is the same, whereas the coordination of the smaller 
components differs. 


Besides these connections of the functional components of the con- 
structions or of parts of them, the connection of the tissues in these parts 
is of interest. 

The way of attachment of the muscles to the bone is to depend on the 
structure of the muscle (DULLEMEYJER, 1951, 1952; RooTH, 1953; VAN 
VENDELOO, 1953). 

In the viper many muscles are simple ones (DULLEMEIJER, 1952), in 
some Cases a surface aponeurosis exists. The muscles with an aponeuro- 
sis are attached in two ways: 

1. the aponeurosis is attached to a crista, e.g. the cervical muscles and 
the musculus pseudotemporalis 

2. the aponeurosis is tangentially attached to a flat surface of an 
element, e.g. the musculi adductores externi. 

In one case the aponeurosis is narrow and thus the crista is small, 
having the appearance of a spina, e.g. the spina on the basisphenoid 
(sp.b.sph.). In three other cases a tendon is attached to a spina, e.g. the 
musculus retractor vomeris, the musculus retractor quadrati and the 
musculus adductor pterygoidei. 

The way of attachment is important in relation to the function of the 
muscle in the whole pattern, as has been discussed in the preceding 
chapter. 

Musculous attachments are sometimes placed on surfaces with a 


slight excavation, e.g. the musculus depressor, some cervical muscles 
and the musculi protractores. 
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A reversed correlation between cristae and aponeuroses does not 
occur. Many aponeuroses are attached to a crista, but every crista does 
not bear an aponeurosis. First, other connective tissue elements may be 
correlated with cristae, e.g. the attachment of many ligaments, the 
attachment of the tissue in the roof of the mouth. Secondly, cristae may 
occur which can be regarded as freely projecting margins of a plate- 
shaped extension serving as mechanical resistances, e.g. the wing of the 
pterygoid and the extension of the lower jaw rostral to the joint. 

The connections of ligaments and bones equal those of aponeuroses 
and bones. 

A direct connection between nerves and bloodvessels and the bone 
does not exist, although an influence of these elements on the bone may 
be mentioned. 

With a distinction of functional components on different levels no 
objections can be made calling the foramina, places for the passing of 
nerves and vessels, functional components. ‘These components may be 
considered as lying on the same level as the components serving for the 
attachement of muscles. 


VII. SUMMARY 


In this study a morphological description of the elements of the head 
of the common viper, Vipera berus (L.), was given. 

Starting from the conception whereby the head is considered a 
totality built of several functional components, the relation of these 
components to each other has been discussed. 

It has been shown that these functional components are related in 
such a way that a pattern is formed. 

The functional components are considered as structural realizations 
of the functions. 

The realization of a functional component is dependent on the mate- 
rial of which it has been built, on the requirement of the function, on 
the relation to other functional components and on the rules consisting 
between the form and the function in the realization. 

It could be demonstrated that there are four possibilities of influences 
for the relation of the functional components to each other. 

1. The realization of a function into a structure 1s separate for every 
function. The realizations can be added, so that an additional structure 
is formed. 

2. The realization for several functions is quite the same, so that the 
same structure has several functions. 


494 P, DULLEMEIJER 


3. The realization is an integrated structure. 

The shape of this structure is unequal to the structural realization of 
every separate function; it has, however, the significance of a complete 
realization of the function. 

4. The realization is a compromise. The shape of this structure favours 
the functions incompletely. i 

The nature of the connections in the pattern is rather loose, so a high 
degree of individuality of the elements exists. 
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I. INTRODUCTION 


The present investigation was started with the aim of testing the 
applicability of CocHity’s well-known results, obtained in Ambystoma 
punctatum (1929), to other Urodele species. In he course of the work so 
many differences between Ambystoma punctatum and the two other 
species investigated became apparent, that a rather detailed description 
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of the larval limb movements in these two species seemed justified. This 
description may be of value both from a comparative physiological 
point of view, and as an extension of the basis needed for further 
experimental analysis of the locomotion pattern in Urodeles. 

In the light of the new facts, which concern both the first origin and 
the later coordination of the limb movements, CocHiLi’s findings will 
be discussed. 

In connection with the study of the development of coordination of 
the limb movements interest arose in the external (environmental) 
factors determining the nature of the locomotion pattern as a whole. 
The tentative experiments on adult animals reported in the second part 
may be regarded as supplementary to the important work carried out 
by Gray and others with regard to the internal (organismic) factors 
acting in the Amphibian locomotion pattern. 


Il. METHODS 


The mobility of the larval limb buds and limbs was tested in different 
ways. First of all mechanical stimulation was applied by means of a 
human hair mounted in a glass tube. Besides this the postural move- 
ments were tested, either by tilting the animals in different angles and 
around different axes by placing them in different positions against the 
sloping walls of the embryo dishes in use, or by using a simple, hand- 
moved horizontal turning table. The latter was provided with a paper 
collar, so as to exclude optic stimulation in the horizontal plane. 
Optomotor reactions associated with the perception of objects above 
the turning table may have played a role. 
Other methods will be discussed in the course of the paper. 


Ill. STAGING 


For reasons of easy comparison a uniform set of stages has been defined, 
comprising all three species, and based only on limb development, as 
set apart from overall bodily development, which shows considerable 
differences in the three species. It has been attempted to remain as 
close as possible to both GLaEsNER’s Normal Table for Molge vulgaris 
(Triturus taeniatus) (1925) and Harrison’s unpublished Normal ‘Table 
for Ambystoma punctatum. The following table gives the relationships 
between the three sets of stages, as well as a short description for each 


stage. 
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Stage Description GLAESNER St. HARRISON St. 
Fore limbs 
i Siwo dic ersmincicate clin sr mil iar iene 38 41 
II [Mhoverenalainnacin yl Qn Ae BS 6 eb o 8 39 42 
Ill Fingers larger*. ctr oom eee 40 43 
IV ‘Third hngerandicated ms ani eean teen eee _- 44 
V Third finger distinct, elbow still straight, 
: hand still vertical iets meres: ee eee en 41 -— 
VI Elbow bent slightly, hand pronated about 
AB” cits Ba. wal eeay a Ae ke, Saeco nee es = 45 
Vil Hand horizontal, resting forearm transverse — 46 
Vill Resting forearm obliquely or straight forward 42 — 
IX Kourth finger imdicatedh yer. semen 43 — 
Hind limbs 
x lwo toes inclicatec!sares men nk anee err ne — — 


XI "Toes larger ig a ates ee ae 
XII MM avegel \ovssneresreaiteel GY £ -& a a o a dé = — 
XIII hindstocslary cra.yae mie naan enon meee 49 -- 
XIV Hourthitoerdistinctrmys- at atime nee _- ~- 


IV. COGHILL’S FINDINGS IN 
AMBYSTOMA PUNCTATUM LARVAE 


In a widely known little book CoGHiLt (1929) described the origin of 
the locomotion pattern in Ambystoma punctatum. This work having been 
used by many authors as a basis for further research (also in non- 
Amphibians), as well as for theoretical considerations and even for 
speculations (cf. HooKER, 1952), the question arises whether such an 
extensive generalization of his findings is admissible. Before trying to 
give an answer to this question, a short account of CoGHILL’s main 
results must be given here. In reading this, it must be borne in mind 
that the stage numbers used have only approximative value, as the 
stages had to be estimated after descriptions and figures in CocHIL1’s 
book. 

As in other Urodeles, in Ambystoma punctatum the fore limbs develop 
much in advance of the hind limbs. The first fore limb movement 
(stage I) consists of adduction and abduction. This movement at first 
occurs only as an integral part of the action of the trunk musculature, 
and only later (stage VI to VIT) an independent local reflex arises from 
the initial “total pattern’’ by a process of “individuation”. The first 
limb movements to become more or less independent are the postural 
reflexes. Moreover the exteroceptive reflex mechanism is at first sen- 
sitized by a postural response acting at the same time. 
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The hind limb movements also show “individuation” out of an 
initial “total pattern”. The first integrated-movements appear about 
stage XII, the first autonomous movements about stage XIV. 

In the development of coordinated locomotor movements of the 
limbs the initial phases also show a total integration of trunk and limbs. 
The first spontaneous locomotor movements of the fore limbs consist 
of simultaneous protraction and retraction (stage VI). The first actual 
walking movements (stage VII) are accompanied by lateral flexure of 
the anterior part of the trunk, in such a way that the convex side 
is the side where the limb is protracted, whereas the limb on 
the opposite side is retracted (see Fig. 1 B). Only in a much later stage 
the limbs are capable of autonomous alternating movements without 
trunk movement. 

The initial walking movements of the hind limbs (stage XIV) are 
also integrated with trunk movements, but in the opposite way (retrac- 
tion at the convex side, protraction at the concave side) (see Fig. 1 B). 
The hind limb movements lag behind the fore limb movements with an 
interval equal to the time needed for the trunk flexure to pass from 
the pectoral region to the pelvic region. CoGHILL’s conclusion is that 
initially the swimming movement of the trunk is the dominant factor 
in walking, and that only later this factor is gradually replaced by a 
pattern of coordination between more or less independent limb 
movements. 

In the following we will find opportunity to point out essential 
similarities as well as essential differences between the pattern as 
described by Cocuit and the pattern found in the two other Urodele 


species. 


V. INVESTIGATIONS IN TRITURUS TAENIATUS LARVAE 


It was attempted to determine exactly the stage at which the first fore 
limb movements occur in Triturus. This was found to be stage III. 
In stage I and II the limbs could never be brought to a response of any 
kind. The first movements in stage III are already of two different 
kinds. First of all, on tilting the animal around the longitudinal axis, 
a weak postural reflex becomes evident in the form of a slight elevation 
of the upper limb, sometimes accompanied by slight abduction and 
some supination. The limb is kept in this position as long as the tilt 
continues. 

In the second place mechanical stimulation may, although very 
seldom, evoke a response, the nature of which it is difficult to determine. 
Since mechanical stimulation of these small limbs naturally involves a 
good deal of passive movement of the limb, the response may in fact 
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be of one of the following types: true tactile reflex, “stretch” reflex, or 
“myogenic movement. A response usually occurs only after repeated 
stimulation of the upper surface of the hand, and only when stimulat- 
ion has not gone on for too long. The responses consist either of a 
swift and short elevation and abduction, followed by a return to the 
original position (a movement comparable to the postural reflex 
described above) or, very seldom, of a short and swift adduction- 
abduction movement accompanied by slight elevation (a movement 
comparable to the first fore limb movements in Ambystoma punctatum). 

If these responses should be of true reflexogenic nature, it is important 
to note that from the very first beginning they occur without any 
indication of accompanying action of the trunk musculature: the 
first fore limb movements seem to be entirely autonomous, 
and apparently are not integrated ina “total pattern” 

In stage IV the postural reflexes occurring on lateral tilting include 
also a movement of the lower limb, which is depressed as long as the 
tilt continues. A tilt around a transverse axis now results for the first 
time in adduction of both limbs, if the head is lifted, and abduction if 
the head is lowered. 

In stage V the limbs for the first time show a response if the animal 
is placed on the turning table and turned very slowly. As already 
mentioned, this may be either a postural response, or an optomotor 
reaction. Simultaneously with, or a short time after lateral flexure of 
the head against the direction of turning, now the limb on the 
convex ‘side is adducted slightly, whereas the opposite limb 
shows distinct abduction with slight supination and very slight flexion. 
This pattern of movements, which later will play an important role in 
the first spontaneous limb movements, will henceforth be referred to as 
the “basic pattern” (see Fig. 1 C). It should be noted that the pattern 
is opposite to the pattern of initial spontaneous locomotion 
in Ambystoma punctatum and to the locomotion pattern of adult Urodeles, 
which patterns are characterized by abduction (protraction) of the 
limb on the convex side, and conversely. On the other hand the 
pattern is principally identical with the pattern exhibited 
on the turning table by adult Urodeles, either as a postural 
or as an optomotor response. 

In stage VI the basic pattern occurring on the turning table is more 
differentiated, the limb on the convex side showing not only adduction, 
but extension as well. Sometimes during prolonged turning che 
adducted and extended limb may make one single distinct stepping 
movement, consisting of swift protraction with slight flexion, followed 
by slow return to the adducted position. 

At the same time the first spontaneous coordinated limb movements 
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Fig. 1. Diagram illustrating different patterns of spontaneous limb movements in 
Urodele larvae. A. Resting Urodele larva. B. Initial walking with all four limbs in 
Ambystoma punctatum (according to CoGHILL, 1929). C. “Basic pattern” in Triturus, 


preceding actual walking. D, Initial walking with all four limbs in Triturus (“parallel 
coordination’’). 


occur, and from the beginning these take the form of the “basic 
pattern”, which means that their coordination with the head and trunk 
movements is opposite to that observed in the early movements of this 
kind in Ambystoma punctatum. Usually, but not always, the movements 
are induced by the perception of a moving object (“‘prey”). We may 
call this type of movements “‘pre-ambulatory locomotor movements’’, 
since they may bring about some motion of the body as a whole without 
as yet being true walking movements. 

The same “basic pattern’? is now also performed as a postural 
response to lateral tilting, that is to say in combination with the already 
existing postural reflexes: the head is bent towards the upper side, the 
upper limb is elevated, protracted and slightly flexed, whereas the 
lower limb is depressed, adducted and extended. The entire pattern 
is most pronounced if the animal is placed against the sloping wall 
of the dish with its head pointing obliquely downwards. In this posit- 
ion it frequently happens that the lower limb (the limb on the 
convex side) makes one or more successive stepping movements. 

In this stage the limbs become also involved for the first time in the 
“catching movement”. This quick forward jumping movement of the 
whole animal, already established in the previous stage, is now 
frequently introduced by simultaneous retraction of both limbs, and 
this retraction movement may also occur by itself as a reaction to 
moving objects. Simultaneous protraction may also occur, as in Am- 
bystoma punctatum, but this may well be of a postural nature, as it is seen 
only during or shortly after the “catching movement”, not before it. 

As regards the responses to mechanical stimulation, among which 
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up till now the quick elevation movement predominated, we see how 
in this stage a new slow adduction response makes its appearance. 

In stage VII there appear for the first time unilateral and auton- 
omous spontaneous limb movements, which are, as far as could be 
ascertained, confined to either elevation or adduction-extension move- . 
ments. The responses to mechanical stimulation have become of a 
much more differentiated nature. The predominating response now is 
adduction, accompanied by either pronation, elevation or total exten- 
sion. On prolonged stimulation a totally adducted limb may now 
perform movements which may be regarded as introductory to a true 
“stepping reflex”. Sometimes a hardly perceptible, very short and 
quick flexion movement of the elbow occurs, but in other instances 
already a protraction of the entire limb is observed, in which case the 
elbow hardly flexes. Also independent reflectory movements of the 
wrist occur. 

It must be mentioned here that sensitizing of reflexes by postural 
responses, as observed by CoGuHILt in Ambystoma punctatum, has not been 
seen in Triturus (nor, for that matter, in Ambystoma mexicanum). 

In stage VIII short and weak responses and independent responses 
of parts of the limb have been replaced to a considerable extent by 
complete, well integrated and stereotyped stepping movements. The 
complete stepping movement consists of flexion of the elbow, immedi- 
ately followed by protraction of the entire limb and subsequent sim- 
ultaneous retraction and extension. In later stages the limb responses 
become again less stereotyped, and the frequency of responses of parts 
of the limb increases once more. 

A new type of response is established in stage VIII: the withdrawal- 
reflex. It occurs on strong stimulation and consists of retraction, or 
adduction with flexion. 

Alternating walking movements of the fore limbs have not appeared 
even now. Only several days later they occur for the first time, viz. in 
stage IX, that is at a relatively much older stage than the stage at which 
Ambystoma punctatum exhibits its first walking movements. In Triturus 
the walking movements are from their first appearance in- 
dependent of any action of the trunk musculature, in contrast 
to the “basic pattern’? movements of previous stages. The “‘basic 
pattern” as a spontaneous activity is gradually replaced entirely by the 
autonomous walking movements, although it remains functional as a 
postural response. 

Simultaneous protraction and retraction of the fore limbs occurs 
very seldom now. Usually one of the limbs is ahead of the other. As a 
rule retraction of the fore limb proceeds more slowly than protraction, 
so that the retraction phase lasts longer than the protraction phase. 
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The walking movements may be represented tentatively inthe following 
diagram, which should be read from left to right: 


Left ——— Ss — retraction 


Right = = = protraction 


We now proceed to the description of the movements of the hind 
limbs. The next stage, stage X, is much older than stage LX, in which 
the hind limbs are not yet even visible. In stage X and XI no responses 
could be evoked in the hind limbs by mechanical stimulation, except 
very weak, twitch-like movements of a questionable nature in the hip 
and knee joints. 

In stage XII already two kinds of responses have been established, 
viz. distinct elevation-adduction or, more seldom, distinct abduction. 
The movements may be accompanied by flexure of the trunk, but it 
has been definitely ascertained that from their first origin they 
can occur also independent of movements of the trunk (or of 
the fore limbs, for that matter). However, they apparently show a 
stronger coordination with trunk movements than do the fore limbs. 

Spontaneous movements also appear already in this stage, but these 
are never entirely independent yet. They are restricted to abduction, 
as yet usually unilateral, and they occur either together with concave 
flexure of the trunk, or in coordination with fore limb movements. The 
nature of this latter, initial coordination is as follows: the movement 
as a rule occurs during retraction of the fore limbs, at that side at 
which fore limb retraction is most advanced, and at the moment at 
which the retraction phase of the ipsilateral fore limb in question is 
nearly completed. Protraction of the contralateral fore limb 
is not a necessary condition. In other words, this initial coordinat- 
ion seems to be primarily a coordination between ipsilateral limbs, 
in short a “parallel coordination” instead of the “‘diagonal coor- 
dination”’ which is known from the adult Amphibian, and particularly 
the Anuran locomotion pattern (see Fig. 1 D). However, other com- 
binations of limb movements have been occasionally observed, which 
did not follow the rule of parallel coordination, and which indicate 
that a relative independence between the limb movements exists already 
at this early stage. A further general observation is the fact that 
spontaneous movements of the hind limbs occur very seldom without 
simultaneous or immediately preceding movements of the fore limbs. 
This applies also to older stages. 

In stage XIII entirely autonomous spontaneous abduction move- 
ments of one hind limb have been observed. In this stage the hind 
limbs begin to take part in the “‘basic pattern’, either in the form of a 
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spontaneous movement or as a postural reflex. The hind limbs move 
in the same sense as the fore limbs, i.e. abduction on the concave side 
and adduction on the convex side. (See Fig. 1 C). Ipsilateral limbs 
consequently move in the same sense in the basic pattern, in contrast 
to the opposed movement of ipsilateral limbs in locomotion. The hind 
limbs exhibit the “basic pattern’? movements only if head or trunk 
flexure (not necessarily in the sacral region) takes place at the same 
time, in contrast to the fore limbs, which in these later stages may 
perform the “basic pattern’? without participation of the head and 
trunk. 

In the meantime the ‘‘parallel coordination’? has developed in 
such a way that a diagonal pattern of limb movements results, which 
resembles already the adult locomotion pattern. It may be represented 
tentatively by the following diagram: 


— fore limb retraction 
= fore limb protraction 
Right =——__~ = ~ ; ) + hind limb protraction 


| 
i 


Left = ange eRe Be 


We see from the diagram that protraction of the hind limbs usually 
occurs shortly after protraction of the contralateral fore limb. Therefore 
the possibility must be taken into account that besides “‘parallel coor- 
dination”’ also a certain degree of “diagonal coordination”? may be 
operative in the present pattern. The question whether and to what 
extent this is the case, and which relative parts the two coordination 
mechanisms play in the later locomotion pattern, can only be answered 
by appropriate experiments. At any rate it is a fact that in normal 
circumstances also when the ipsilateral fore limb does not move, pro- 
traction ofa hind limb usually occurs after or simultaneously with, and 
only very seldom before protraction of the contralateral fore limb, so 
that we must conclude to the existence of a definite diagonal inter- 
dependence between the movements of contralateral limbs. 


In the hope of acquiring some further insight in the later development 
of coordination, some amputation experiments have been performed 
on older larvae. Amputation of one or both hind limbs has no percep- 
tible effect on the movements of the remaining limbs. On the other 
hand, amputation of a fore limb has an obvious effect on the type of 
movement and the posture of the ipsilateral hind limb. The resting 
hind limb on the amputated side shows an almost permanent stronger 
adduction than the other hind limb, and often¥also a stronger flexion 
of the knee and the fingers. Moreover the limb is often characterized 
by exaggerated flexion during protraction. All this may point to a 
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decrease in tonus or a partial paralysis of the abductors and extensors 
of the hind limb, owing to amputation of the ipsilateral fore limb. 
These results support the notion of a “‘parallel coordination’? between 
the larval limbs. It must be added here that in the adult animal 
amputation of a fore limb has no effects. 

The actual coordination pattern between the limb movements is not 
altered by unilateral fore limb amputation, notwithstanding the dif- 
ferent behaviour of the ipsilateral hind limb. On amputation of both 
fore limbs, however, it often undergoes a change. This applies also to 
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movements of the hind limbs very seldom occur without simultaneous 
or immediately preceding movements of the fore limbs, and particularly 
protraction of a hind limb hardly ever occurs before protraction of the 
contralateral fore limb. Now, after bilateral fore limb amputation both 
phenomena are repeatedly observed, even during several successive 
diagonal pattern cycles, so that the following pattern may be seen: 1. 
left hind limb - 2.right fore limb stump - 3.right hind limb - 4.left fore 
limb stump. This means an “inversion” of the normal pattern, which 
is: 1.left fore limb - 2.right hind limb - 3.right fore limb - 4.left hind 
limb. It is interesting to note that this inversion can be abolished by 
narcosis, so that it is apparently of a voluntary rather than of an in- 
voluntary nature. In this connection the reader is referred to page 514. 


adult animals, As already mentioned above, in the normal animal 


VI. INVESTIGATIONS IN 
AMBYSTOMA MEXICANUM LARVAE 


The Axolotl is distinguished by a relatively much later limb develop- 
ment as compared with the two other species, in which limb develop- 
ment occurs at comparable stages of bodily development. On the 
other hand, in both Ambystoma species function starts in earlier stages 
of limb development than it does in Triturus. 

The very first responses of the fore limbs to mechanical stimulation 
occur in stage I. In nearly all cases these responses are accompanied 
by adduction movements of the ipsilateral gills or of the gills of both 
sides, or at least by twitches of the gill musculature. Moreover, there 
exists a rather strong correlation between both fore limbs, as often a 
unilateral response is followed after a short time by a similar movement 
of the other limb.}Nevertheless in a few instances responses not accom- 
panied by any visible action of trunk, head or gill musculature have 
been observed. These are, in other words, completely autonomous 
responses. 

The responses are of two different kinds. First of all a weak abduction 
movement may occur, accompanied either by supination or by elevat- 
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ion. This response may perhaps be regarded as introductory to the 
second type of response, which might be called a “rotation”? movement. 
In this movement the tip of the limb describes an ellipsoid. The move- 
ment is a combination of abduction-adduction, elevation-depression 
and supination-pronation. It may be regarded as a very early differen- 
tiated, primitive stepping movement. 

Postural responses on lateral tilting do not occur before stage III. 
In that stage slight elevation of the upper limb and distinct depression 
of the lower limb are observed, and the lower limb sometimes makes an 
incomplete protraction movement without flexion, i.e. an incomplete 
stepping movement. The same movement may now occur as a tactile 
reflex. Recognizable limb responses on the turning table do not occur 
before stage VII, which is very late in comparison with Triturus. 

Spontaneous limb movements of several kinds also make their ap- 
pearance in stage III. First of all one observes simultaneous retraction- 
protraction movements as a response to moving objects (“catching 
movement’’). Spontaneous unilateral adduction has also been observed. 
Finally spontaneous, unilateral, incomplete stepping movements are 
sometimes performed. These always occur in combination with spon- 
taneous lateral flexure of the head away from the stepping limb, while 
the other limb is sometimes protracted without stepping. The latter 
particular indicates that we have to do with a pattern similar to the 
“basic pattern” performed by Triturus, but in an advanced stage. But 
for the absence of initial adduction and extension of the limb on the 
convex side the pattern is essentially the same as that exhibited by 
Triturus in stage VI, during prolonged turning on the turning table 
(see page 502). | 

In stage IV the complete stepping movement has been established, 
which is characterized by complete protraction in combination with 
elevation-depression, the tip of the limb describing a curved line. The 
elbow is not yet flexed. The stepping movement performed as a tactile 
reflex is sometimes preceded immediately by a short adduction move- 
ment. ‘This is of interest because it suggests a parallel with the adduc- 
tion response frequently occurring in stage VI and VII of Triturus 
(see page 504). Apparently here, as in the “‘basic pattern’? described 
above, the introductory adduction movement is either altogether 
missing, or considerably shortened as compared with the responses in 
Triturus. 

Flexion of the elbow during stepping occurs in stage VI. The most 
important feature of this stage is the appearance of the first spontaneous 
alternating walking movements. These movements are in themselves 
completely autonomous, but there exists a certain parallel with 
Ambystoma punctatum in so far as, if head and trunk happen to be bent 
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laterally previous to locomotion, it is always the limb on the convex 
side of the body which starts moving. This is, however, never accom- 
panied by adduction of the limb on the concave side, as it is in 
Ambystoma punctatum. 

A “basic pattern” entirely comparable to that observed in Tviturus 
is established in stage VII as a response exhibited on the turning table. 
Adduction and extension of the limb on the convex side are accom- 
panied by slight abduction and flexion of the other limb. Sometimes 
the movements may occur without flexure of head or trunk. The 
pattern also occurs as a postural response to lateral tilting. - 

Usually, however, unlike in Triturus the limbs react to turning by 
performing a series of alternating stepping movements, which is here 
also initiated by the limb on the convex side. 

From stage VII onwards no essentially new features appear, so that 
we may now turn our attention to the hind limbs. In stage X hind limb 
responses to mechanical stimulation occur for the first time, but only 
very seldom. The responses are restricted to abduction. Adduction and 
elevation only appear in a later stage. As far as could be observed 
the responses are autonomous. 

In stage XI only weak responses to equally weak stimuli appear to 
be entirely autonomous. The stronger responses are always accom- 
panied by concave flexure of the sacral region of the trunk. Apparently, 
just as in Triturus, the hind limb movements are right from the be- 
ginning coordinated more strongly with trunk movements than are 
the fore limbs. Moreover, hind limb movements are usually accom- 
panied by movements of the gills, and often by movements of the fore 
limbs. Here again we notice the rather strong functional correlation 
of all extremities characteristic for Ambystoma mexicanum. 

In stage XI also an adduction response appears. It is usually accom- 
panied by convex trunk flexure, and sometimes by abduction of the 
contralateral hind limb. 

Spontaneous hind limb abduction also appears in this stage. Here 
again hind limb movement hardly ever occurs without simultaneous 
retraction of the ipsilateral fore limb, whereas protraction of the 
contralateral fore limb is not a necessary condition. We have, therefore, 
again to do with “parallel coordination”’ of the larval limb movements. 
The primitive coordination pattern as a whole, however, differs in 
some respects from that exhibited by Triturus. First of all hind limb 
abduction occurs in the beginning, instead of towards the end of the 
retraction phase of the ipsilateral fore limb. Secondly the retraction and 
protraction phases of the fore limbs are equal in duration and do not 
overlap each other. The following tentative diagram illustrates the 


pattern: 
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Let —— Ser Se — fore limb retraction 
= fore limb protraction 
Right == ‘ sana ee " = | hind limb protraction 


Here again the pattern does not exclude the possibility of diagonal 
coordination acting simultaneously with parallel coordination, ‘That 
this actually is the case in later stages is proved by an experiment 
performed on a larva of stage XIII, which was in a state of deep 
chloralose narcosis. Chloralose is claimed to put out of action selectively 
the higher nervous centres, The larva concerned had indeed lost alll 
spontaneous mobility, but had retained its normal reflex sensibility. 
When a retraction reflex was evoked in a fore limb, sometimes simul- 
taneous protraction of the ipsilateral hind limb was observed. When a 
fore limb was induced to protract, however, in several cases the contra- 
lateral hind limb made a protraction movement. Here apparently both 
types of coordination are acting in one and the same stage. 

From stage XII onwards the adduction response, with or without 
elevation, gradually takes the place of the abduction response. 

Fore limb amputation in Ambystoma mexicanum has effects similar to 
those described in Triturus. 


VII. COMPARISON OF THE ORIGIN OF LARVAL LIMB 
MOVEMENTS IN THE DIFFERENT SPECIES 


In order to facilitate comparison the principal results with regard to 
non-postural movements are summarized in Table I. It should be 
stressed once more that the stage numbers mentioned for Ambystoma 
punctatum have, only approximative value. It would be of interest to 
repeat the observations on this form, using the staging introduced in 
this paper. 


TAB] 
Comparison of the time of origin and the type of non-postural limb movements in t 
bodily development. For G 


fore limb responses 


be Sn ae fore limbs, fore limbs, 
only integr. spontaneous, “basic pattern, 
with trunk autonomous simultaneous spontaneous 
Amb. punct. (COGHILL) I, add.-abd. VI-VII VI — 
AMDT ENie weno ene — I, abd.-elev. II Ill 
(sup.); | 
“rotation” 
TR AGE 8 Be — III, abd.-elev., VI VI 
add.-elev. 
4 
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What do these results say with regard to the question whether a 
generalization of Cocuii1’s findings is admissible? We think the 
answer must be in the negative. Both in as closely related a form as 
Ambystoma mexicanum and in Triturus taeniatus considerable deviations 
have been recorded. 

Let us first consider the often expressed hypothesis that in general in 
Vertebrate ontogenesis local reflexes should arise from an initial “total 
pattern” by a process of “‘individuation’’. It has become clear that this 
hypothesis does not hold for the Axolotl, nor for Triturus’. In the 
Axolotl, with its relatively very late, and therefore probably function- 
ally accelerated limb development, it would be possible to think that 
the individuation process should have been ‘“‘telescoped”’ together as 
compared with Ambystoma punctatum, and thus shortened to such an 
extent as to become altogether latent. In Triturus this is already mich 
less probable. There the fore limbs also show, it is true, a retardation 
in beginning of function as compared with Ambystoma punctatum, but 
the hind limbs become functional at probably about the same stage of 
overall bodily development. Nevertheless their function can be alto- 
gether non-integrated from the beginning. 

That in the Axolotl the late morphological limb development has 
actually resulted in an acceleration of the functional development is 
suggested by the fact that all non-postural limb functions except the 
first fore limb responses appear in an earlier morphological stage of 
development than they do in both other species, and also by the 
particularly early and rapid development of the stepping movement 
of the fore limb. 

A second important deviation from the pattern described by CoGHILL 
is found in the development of the spontaneous alternating limb move- 


1 Tt must be mentioned here that YoUNGsTROM (1938) has also observed autonomous 
early limb movements in the Anuran form Pseudacris. 


I 
three Urodele species. The staging used is based only on limb development, not on overall 
finition of stages see page 500. 


fore limbs, spontaneous, alternating hind limb responses hind limbs, spontaneous, alternating 
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ments. The spontaneous “‘basic pattern” preceding the appearance of 
the first actual walking movements of the fore limbs in the Axolotl and 
in Triturus is a phenomenon apparently completely absent in Am- 
bystoma punctatum!. The walking movements themselves, on the other 
hand, are completely autonomous and do not show the strict coordinat- 
ion with trunk movements which is typical in Ambystoma punctatum. ‘The 
same holds for the walking movements of the hind limbs, so that we 
must conclude that CoGuHILL’s statement, saying that in Ambystoma 
punctatum initially the swimming movement of the trunk is the dominant 
and coordinating factor in walking, is not valid for the two other. 
species. For the fore limbs “‘telescoping” together of the functional 
differentiation might perhaps be adduced as a possible explanation, 
since the walking movements start relatively later than they do in 
Ambystoma punctatum, but in the case of the hind limbs in Triturus this 
is just the reverse: here the walking movements start in a certainly not 
later, but probably earlier stage of bodily development. 

The primitive coordination of the limb movements in walking in 
Triturus and in the Axolotl is apparently of a nature different from that 
in Ambystoma punctatum, a statement which is supported by the demon- 
stration of coordination mechanisms acting directly between the limb 
movements in larval locomotion (parallel and diagonal coordination). 

A last interesting point is the type of the initial responses. In this 
respect also considerable differences have been recorded between the 
three species. In order to increase our insight here it would be necessary 
to repeat the observations in Ambystoma punctatum, paying special atten- 
tion to elevation movements. As yet any kind of unitarian explanation 
seems difficult. We restrict ourselves to mentioning the fact that 
adduction movements do not play a role in the initial responses of the 
Axolotl, in contrast to the two other forms. 


VIII. SOME OBSERVATIONS AND EXPERIMENTS ON 
ADULT LOCOMOTION IN TRITURUS TAENIATUS 


Some current notions about the terrestrial locomotion of Reptiles and 
Urodeles need critical experimental testing. Such notions are for 
instance: 1. that the ventral side of the body and tail are continuously 
in touch with the ground, 2. that the greater portion of the propelling 
force is provided by the tail, and 3. that the limbs do not move 
independently, but that their movements are integrated with the 
“primitive’’ sinuous trunk movements. 


’ It would be interesting to know whether it does occur as a postural response in this 
form. Its absence as a spontaneous phenomenon might be related with the early 
appearance of the walking movements. 
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The first two points can be checked and disproved easily by lifting 
the tip of the tail during locomotion, and by observing the animals 
during rapid locomotion, in which usually body and tail are entirely 
lifted up from the ground. 

With the third point interesting problems regarding coordination of 
limb movements are connected, which partly bear a relation to the 
researches carried out by the school of Gray on the coordination of 
locomotor movements in Amphibia, although these researches are 
concerned mainly with Anurans. For instance, observing the slow 
terrestrial locomotion of Triturus, one sees that just as in Anuran walking 
a hind limb is protracted shortly after protraction of the contralateral 
fore limb. However, as was already mentioned earlier by Gray and 
LIssMANN (1940), as soon as locomotion becomes somewhat more rapid, 
the diagonal pairs of limbs move exactly in phase. 

Walking under water in Triturus is distinctly different from terres- 
trial walking. In the first place the trunk may be kept entirely rigid 
while the limbs make ordinary walking movements (although usually 
weak sinuous movements of the trunk are stillseen). Often the diagonal 
pairs of limbs move exactly in phase, even during slow locomotion. 
The posture of the limbs as well as their movements are characterized 
by less flexure: the limbs are more stretched away from the body in 
the horizontal plane. Moreover the general impression of the sub- 
aqueous pattern is one of greater flexibility (i.e. less strict coordination) 
than that of the terrestrial pattern. The latter is continuous and 
stereotyped, it makes an impression of automatism, as of a mechanism 
which is running continuously until it is stopped by some external 
factor. Under water, on the contrary, an alternation occurs between 
periods of mobility and periods of almost absolute immobility. Here 
the fore limbs often make independent orientation movements, which 
are not coordinated with trunk movements, although the hind limb 
movements are still rather strictly coordinated with each other and 
with trunk flexions. The hind limbs are mainly functional in simple 
propulsion, whereas the fore limbs seem to be subject more directly to 
the influence of higher nervous centres. 

On transfer of an active animal from land into water the “auto- 
matism’”’ of terrestrial locomotion appears to be blocked, and the 
animal often at first becomes motionless. Under water the animals 
show less spontaneous activity than on land. If we let an animal walk 
in a large dish and add water slowly, the locomotion pattern does not 
change as long as, in case of a normal attitude of the head, only the 
lower part of the head is under water. Changes appear only when the 
region of the eyes comes under water, even if the back is still for the 
greater part above the water level. First the phase differences between 
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the movements of the diagonal limb pairs become less and less. The 
sinuous movements of the trunk do not show a distinct decrease before 
the entire animal is under water. These observations apply only to the 
behaviour in the reproductive season, because in other seasons the 
urge to escape the water obscures the pattern. 

The coordination in terrestrial locomotion is not as strict as would 
appear from the above description of the pattern. If an animal is made 
to climb against a wet perpendicular glass wall, or if it tries to walk 
on a wet glass plate while being held by the tip of the tail, it frequently 
happens, probably as a result of the increased propulsion drive, that 
the coordination pattern undergoes a similar change as described 
previously after amputation of both fore limbs: during several successive 
diagonal cycles the hind limbs may be regularly protracted before the 
fore limbs. This occurs even during slow locomotion, when normally 
the phase differences between the diagonal limb pairs are most 
pronounced. 

In order to avoid confusion it must be stated here that, contrary to 
previous researches carried out with spinal Amphibians, we have 
certainly to do here with highly voluntary patterns of movement. To 
make out which parts are played proportionally in the locomotion 
pattern by voluntary and involuntary mechanisms has not been the 
purpose of this paper, but this will certainly have to be investigated 
later (see also page 507). 

The first aim of the experiments to be described has been to acquire 
a better understanding of the factors which determine the differences 
between the terrestrial and the subaqueous patterns of walking. Three 
of these factors have been tested tentatively. First of all the weight of 
the animals was altered by putting on little weights made out of lead 
plate, or by partly suspending the animals horizontally by means of 
string loops. In the second place the influence of the specific weight of 
the medium was tested by using either paraffin oil (sp. w. 0.87) or 
olive oil (sp. w. 0.92) instead.of water as a medium. Finally the external 
resistance was altered in two ways, in terrestrial locomotion by using 
a mercury surface as an underground, and in subaqueous locomotion 
by adding about 50% of chick albumen to the water (by the results of 
the latter method also the possible ‘viscosity effect’? of the oils used 
could be distinguished from their actual “specific weight effect’’). 

Some results and preliminary conclusions will now be briefly repre- 
sented. First of all there is the question which factors determine the 
stereotyped character and strict coordination of terrestrial locomotion. 
It might easily be thought that this is due simply to the contact with 
a solid underground, by which the different parts of the moving body 
are fixed in relation to each other. However, it appeared that the same 
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characteristics of the pattern may also occur in animals suspended in 
oil without touching the bottom. At the same time oils eems to condit- 
ion the same “‘automatism”’ of the pattern which is observed on land. 
Locomotion in oil tends to be continuous without breaks, and does not 
even stop before obstructions. The albumen solution of about equal 
viscosity does not produce such effects. 

One might also think that the weight of the animal (either the 
absolute weight, on land, or the relative weight in a fluid medium) 
might influence the pattern, through perception either by tactile or by 
pressure sense organs of the ventral skin, or by the proprioceptors of 
the legs. This, in fact, is the first explanation one thinks of on observing 
the differences between the terrestrial and the subaqueous locomotion 
pattern. That it is probably not true is indicated by suspension experi- 
ments, in which the influence of the weight is eliminated, and even, 
under certain circumstances, the influence of tactile stimulation of the 
legs (suspension in oil) without resulting in an alteration of the 
terrestrial pattern. On the other hand it seems impossible to imitate 
the terrestrial pattern under water by increasing the weight. 

From the above we must conclude that the specific weight of the 
medium, in other words the air pressure or hydrostatic pressure 
determined by it, must be perceived directly. Which sense organ or 
organs are involved in this kind of perception is still an open question, 
At any rate the animal is able to distinguish very clearly between a 
medium with a specific weight of 1.0 and one with a specific weight 
of round about 0.9. As mentioned above, a medium of the latter 
specific weight conditions a pattern which strikingly resembles the 
terrestrial pattern in several respects. 

Turning our attention to a single separate feature of the locomotion 
pattern, the sinuous movements of the trunk, our results are the 
following. On lifting the walking animal from the ground or on trans- 
ferring it from land into water, the sinuous movements become weaker. 
On the other hand, during locomotion both in albumen solution and 
on a mercury surface the sinuous movements usually are markedly 
stronger than they are in the same animal in water. It is suggested, 
therefore, that the sinuous movements become stronger under circum- 
stances which make locomotion more difficult. Such a circumstance is 
for instance high friction with the underground or with a highly 
viscous medium, but also too low friction with the underground, as 
occurring in the case of the mercury surface. An interesting question 
would then be, in which way the animal would be able to determine 
the ‘“‘degree of difficulty” conditioned by the medium. 

The phase differences between the movements of diagonal pairs of 
limbs, regularly occurring during slow locomotion on land, may also 
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occur, although more incidentally, in the other media investigated and 
on the mercury surface. The fact, however, that they are always less 
pronounced on the mercury surface than in the terrestrial locomotion 
pattern of the same animal, suggests that they may be accentuated by 
contact of the limbs with an underground which offers some resistance. 

Finally it must be mentioned that ‘swimming’? movements with 
actively adducted limbs have been observed to occur regularly during 
locomotion on a mercury surface and in animals suspended horizon- 
tally. and free from the ground. Apparently these movements may 
occur wherever there is a lowered external resistance. They may 
therefore not be regarded as specifically aquatic, but must be seen as 
a general consequence of an urge for fast locomotion. 


IX. SUMMARY 


1. A descriptive study has been made of the responses and spontaneous 
movements of the developing limbs of larvae of Triturus taeniatus and 
Ambystoma mexicanum. The results are compared with the findings of 
CoGHILL (1929) in Ambystoma punctatum, and considerable differences 
are demonstrated. It has been found impossible to give an explanation 
comprising all these differences and at the same time not contradicting 
CoGHILL’s views. 

2. In both forms studied early limb movements of any type and of 
both fore and hind limbs may be, from their very first appearance 
onwards, altogether independent of any visible action of the trunk 
musculature. There is no evidence for the existence of a ‘“‘total 
pattern” in these forms. 

3. The spontaneous alternating locomotor movements of the larval 
limbs usually do not show integration with trunk movements, not even 
at their first origin. In the fore limbs, the appearance of these move- 
ments is preceded by a spontaneous, pre-ambulatory pattern of usually 
well integrated limb and head movements (see Fig. 1 C), a phase 
which in Ambystoma punctatum is apparently altogether missing. The 
pattern in question is essentially the same as that exhibited by the 
animal during turning around a vertical axis. The coordination be- 
tween limb and head movements underlying this pattern is opposite 
to that operative in initial spontaneous locomotion in Ambystoma 
punctatum. 

4. The coordination between fore and hind limb movements in both 
forms studied is also independent of trunk movements. It is apparently 
acting directly between the limbs, instead of taking the form of a 
“total pattern” in which the “swimming” movements of the trunk 
constitute the dominant factor (CocuiLt). Evidence is brought forward 
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for the existence, during the early development of coordination, of a 
“parallel” coordination mechanism acting between ipsilateral limbs, 
and preceding in origin the “‘diagonal” coordination mechanism known 
from adult locomotion (see Fig. 1 D). 

5. Tentative experiments in adult locomotion of Triturus have led to 
the following conclusions: 

a. The coordination pattern may be altered experimentally in 
several ways, Whether such alterations are of a mainly involuntary or 
of a more voluntary nature remains to be settled. 

b. The differences between the terrestrial and the subaqueous 
locomotion pattern are apparently due to differences in specific weight 
of the medium, which differences must be perceived directly. It is not 
known which sense organ is functional in this perception. 

c. Notably, the strict coordination of the movements in terrestrial 
locomotion is not due to the contact with a solid underground, as was 
thought previously. 

d. The sinuous movements performed by the trunk during locomot- 
ion, in general become stronger when locomotion is more difficult. 
This may be caused by increase as well as by decrease of the external 
resistance, 

e. ‘““Swimming”’ movements of the trunk, accompanied by active 
adduction of the limbs, not only occur in fluid media, but wherever 
the external resistance is low. 
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L. pe Rurrer (Groningue). The function and evolution of animal 
colour patterns. 

The main function of animal colour patterns is to influence the 
behaviour of other animals. Those may be members of the same species 
as the adapted animal (its parents, young, sex partner, rival, etc.), or 
belong to another species (preys, predators, etc.). An extensive review 
of the importance of adaptive coloration in predator-prey relation- 
ships was given by Cort (1940). Taken as a whole, the evidence col- 
lected by this author leaves no doubt of the widespread occurrence and 
high protective value of such adaptations. This evidence, however, is 
for the major part indirect, being based on such arguments as diver- 
gence in the patterns of related species living in different environments, 
convergence in the appearances of non-related species living in the 
same habitat, and correlations between the occurrence, in different 
species, of certain patterns and the possession of special traits, such as 
inpalatability or a special type of behaviour. Direct, conclusive proof 
on the protection afforded by adaptive colour patterns can be derived 
only from observations of encounters between living animals in essenti- 
ally natural surroundings. This is a laborious work, and such studies 
are still small in number. Yet several of the main points of the theory 
of adaptive coloration have been confirmed in this way. Direct 
evidence is now available, for instance, (1) for the protective value of 
colour resemblance in camouflage, (2) for that of mimicry of an in- 
edible species by one that is palatable, and (3) for the relative in- 
palatability of conspicuous forms. In recent years progress in this field 
has continued. In an important series of experiments, PopHam (1941— 
1947) has made a first step towards better quantitative investigation of 
the survival value of camouflage. Further, direct observation has on 
one more point (countershading) given some support to the conclu- 
sions based on circumstantial evidence (p—E RuireR, 1952). Several 
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important studies have also been made on the functional value of colour 
patterns in intraspecific relationships, e.g., that by Tmpercen & 
PERDECK (1950) on the significance of the red patch on the adult 
Herring Gull’s bill for the begging response of the chick. 

On the whole, the conviction is steadily gaining ground that the 
survival value of colour patterns is often very high, far higher than had 
been assumed originally, and that this is sometimes true even of 
patterns which have been regarded for many years as entirely function- 
less, e.g., the banding of Cepaea (Cain & SHEPPARD, 1950). 

Another interesting point is that the evolution of colour patterns 
sometimes seems to proceed very rapidly, not only from the evolution- 
ary but also from the human point of view (for examples of changes in 
coloration that took place in a century or less, see HuxLEy, 1948). This 
makes the evolution of colour patterns a promising subject for research. 
In all investigated instances of rapid evolution in animal colours, the 
evolving character was found to depend on a single gene. 

For most of the present discussion we shall restrict ourselves to these 
genetically simple cases. A population in which such a character is 
evolving will contain two forms of the gene governing it, and the 
relative frequencies of the two alleles will change from generation to 
generation. 

At first sight, four factors come to mind as possible causes of such a 
shift in gene frequencies, viz., migration, mutation, selection, and drift 
(chance fluctuation). 

(1) Migration and the consequent import of genes from other 
populations, in most cases prove to be far less intensive than might 
at first be expected. As a rule, it soon becomes clear that this factor 
cannot be responsible for the observed change in gene frequencies. 

(2) Mutations occur at such low frequencies that they cannot be 
responsible for these rapid changes either. 

(3) Selection, therefore, is the only agent that can be the cause of 
the observed shift in gene frequencies, because 

(4) Drift can hardly be effective unless the populations are quite 
small, and even more important, unless the two alleles do not markedly 
differ in survival value. 

Whether or not natural selection could operate at an intensity high 
enough to cause the very rapid shifts in gene frequencies, has long been 
a subject of controversy. Recent work (e.g., SHEPPARD, 1951), however, 
suggests that this is well within the realm of possibilities. 

So far we have discussed the transient polymorphism of evolving 
populations. Valuable results can also be obtained by a study of cases 
of stable polymorphism, in which the relative frequencies of the differ- 
ent types are constant. First of all, data on the intensity of selection 
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can be derived from the study of the factors that maintain the poly- 
morphism. Secondly, interesting facts have been found in many 
mimetic species (FoRD, 1937). Here it often appears that the presence 
or absence of a complicated mimetic resemblance depends on a single 
-gene. Further analysis shows that this must be due to the selection of a 
gene complex which modifies the phenotypic expression of the “main” 
gene in such a way that the main gene alone can “switch on” the whole 
complicated set of characters that constitute the resemblance. 

The latter example already forms a transition to the cases where 
colour adaptations depend on the co-operation of many, more or less 
equivalent genes. Very little is known about either the genetics or the 
evolution of such adaptations. However, such data as the comparative 
anatomy and ontogeny of these patterns have provided, seem to be 
compatible with the hypothesis that here, too, natural selection has 
been the main agent in the evolution of the adaptations. 

The following general picture seems to emerge from the available 
data. The origin of the manifold adaptations in the colour patterns of 
animals is due to natural selection of certain gene combinations from 
the material supplied by mutation. This selection appears to be a very 
powerful, fast working agent, enabling populations to adapt their 
colour patterns to changes in environment with relatively little time-lag. 
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Séance du 10 avril 1953 a Utrecht 

1.8. Dykeraar (Utrecht). Central integration of sensory stimuli. 

Active movement of almost any animal will evoke stimulation of 
some of its sense organs (e.g., tactile endings, muscle spindles, laby- 
rinthine sense organs, the eye, etc.). Recently several investigators in- 
dependently put the question whether — and how — animals are able to 
discriminate between these self-generated and the normal, externally 
caused sensory stimuli (BuyTENDIJk, DiykGRAAF, v. Hoist & MITTEL- 
STAEDT, SPERRY). 

The fact that animals are able to do so follows from the simple 
experience that they can use their sense organs not only when at rest, 
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but equally well when they are in motion. A minnow, swimming rest- 
lessly up and down in its container, will react immediately to a slight 
artificial pressure change, although the animal had been constantly 
subjected to all kinds of self-generated pressure changes (DyKGRAAE, 
1941). From this fact and a great number of similar observations it 
must be concluded that animals rather generally “know” exactly the 
whole complex of sensory stimuli which is to be expected when moving 
actively. These stimuli are not used by the animal, but only centrally 
neutralized; they do not release any reactions under normal circum- 
stances. 

Only under artificial circumstances stimulation due to active move- 
ment may release reactions. This will occur in all cases in which the 
normal relation between active movement and the corresponding self- 
generated sensory stimulation is disrupted, either by alteration of 
normal movement or by alteration of normal sensory function. Examples 
of the first case are v. BUDDENBROCK’s experiments and those of his 
collaborators, making him believe that insects and crabs may show 
optomotor reactions caused by self-generated retinal stimulation (see 
for details DyykGRAAF, 1953). In reality the animals did not react to 
their self-generated stimulation but to the unexpected deviation from 
this stimulation caused by the passive movement inflicted upon the 
animal. Disturbing normal sensory stimulation by inversion of head or 
eyes releases strong optomotor reactions for the same reason (MITTEL- 
STAEDT, SPERRY). 

From the fact that animals must “know” exactly all self-generated 
stimuli in order to be able to use their sense organs for detections of 
externally caused stimuli it follows inevitably that SHERRINGTON’S so- 
called “proprioceptors” cannot be of any use in giving the animal 
information about its own active movements. In fact, they are extero- 
ceptors like the eye and ear! Derangement of posture or movement 
following deafferentation may be caused a, by elimination of the tonic 
influence originating in many sense organs (which is a thing quite 
different from their perceptive task) or b, by disruption of the normal 
relation between active movement and the corresponding self-generated 
sensory stimulation. The latter case is quite comparable to the abnormal 
behaviour of an animal with inverted head or eyes; yet nobody will 
conclude that the eyes act as proprioceptors in that case. So one should 
neither do here. 

The second question as to how self-generated stimulation is dis- 
tinguished from externally caused stimuli is still open. The “Reafferenz- 
prinzip” (v. Horst & Mirrersraerp7) is hardly more than a statement 
of the facts mentioned in a clear diagrammatic form. Nevertheless this 
simple diagram has already shown its usefulness in clearing up several 
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observations hardly understandable on terms of classical reflex 
physiology. A detailed account of the whole problem will be published 
in Experientia. 
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2. G. P. BAERENDs (Groningue). The influence of central nervous 
mechanisms on the reaction to sensory stimuli. 

There are two ways to study the capacities of the sensory organs: I. 
leading off action potentials, 2. watching the reaction elicited. 

The behaviour elements used as criteria in the second method are 
very often innate motor patterns (‘“‘Erbkoordinationen”; Lorenz, 
1950), or behaviour elements of higher integration. 

According to Lorenz the “‘Erbkoordination”’ is characterized by its 
constant and genetically fixed form and by the fact that it is released by 
the perception of a very definite stimulus situation. Moreover, however, 
the intensity of the movement is variable even under constant external 
conditions and the animal strives for finding the stimulus situation 
releasing the motor pattern. Both latter properties, according to LoRENz, 
indicate the presence of an internal stimulus production independent 
of the external releasing situation. LoRENz compares this phenomenon 
with the locomotory automatisms studied by von Ho tst (1937). 

Different motor patterns are grouped together in a hierarchical 
system of instincts of different order (TINBERGEN, 1951). Activation of 
such an instinct means that motor patterns belonging to it can now be 
released if the animal meets the appropriate situation. In general one 
may say that the instincts of different order are able to produce stimuli 
that act as afferent stimuli to a lower centre. 

Therefore, at every level of the hierarchy we must reckon with 3 
kinds of stimuli influencing the centre of the reaction: afferent external 
stimuli coming from the sense organs, afferent internal stimuli coming 
from a higher hierarchical level and efferent internal stimuli produced 
in the centre concerned. 

We have seen that impulses are only transferred by this centre after 
the perception of a definite stimulus situation. This situation (especially 
when it is innately known) consists of only a few of the numerous 
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characters of the adequate object perceptible for the sensory organs. 
The releasing value of the situation does not primarily depend on which 
of these key stimuli are present but of the total releasing value they are 
representing (law of heterogeneous summation). The various key 
stimuli co-operating in releasing a definite reaction differ in releasing 
value. One could say that each kind has a certain basic value around 
which variations are possible in accordance with the intensity in which 
the key stimulus is present. The sign stimuli have a configurational 
nature (“Gestalt’?). Working up along these lines the different 
stimuli from the sense organs must be the task of a central nervous 
mechanism. We call this hypothetical mechanism the innate releasing 
mechanism (I.R.M.). This mechanism is one of the factors hindering 
the study of sensory capacities by means of behavioural reactions. 

The internal stimuli mentioned above are a second factor interfering 
with such a study. These stimuli may work through or independent 
from the I.R.M., further analysis is needed to clear up this matter. At 
this moment there are arguments suggesting that both cccur. 

An attempt to obtain a quantitative picture of the collective action 
of external and internal stimuli on the performance of behaviour 
elements was made in collaboration with R. Brouwer and H. Ty. 
WATERBOLK, using the fish Lebzstes reticulatis during its courtship. When 
courting, this fish shows patterns of black markings that change ac- 
cording to the intensities of the different drives activated in the animal. 
One can use the marking pattern as an indicator for the strength of 
internal motivation. The external situation could easily be varied 
quantitatively by offering females of different size to the male, the 
bigger the female the stronger the stimulus. In the experiments a male 
was left together with a female until its markings had developed a 
definite phase. Then the female was suddenly exchanged for a female of 
known size presented under standard conditions in a glass tube and the 
reaction was studied. In this way curves could be drawn representing 
all points where a certain value of the internal stimulation together 
with a certain value of the external stimulation resulted in the same 
reaction. These curves roughly resembled a hyperbole (internal stimuli 
x external stimuli = c?). The greater this combined stimulation the 
higher the intensity of the reaction. Higher stimulation also led to more 
advanced activities in the series of courting performances. 

A second possibility to investigate the influence of internal stimuli on 
the reaction to an external situation, offered a study of the I.R.M. 
releasing the egg retrieving movement in the Herring Gull. These 
experiments were carried out in collaboration with G. J. BLoxzyt, H. 
GROENEWOLD, and J. P. Kruyr. We will restrict ourselves here to the 
experiments for testing the value of the feature “egg size”. In each 
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experiment 2 egg models of different size were offered simultaneously 
to the gull on the edge of its nest (the nest containing 1 egg model of 
normal size). A long series of experiments shows significantly a prefer- 
ence for the biggest egg even if this is of supranormal dimensions. 

However, in many cases still the smaller of 2 eggs is chosen first. A 
closer analysis of these “wrong” choices proved to be very instructive 
in getting an insight in the internal factors influencing the reaction. 
Three different categories of these choices could be distinguished: 

A. There are some individuals choosing consequently the smaller 
egg. In these gulls the fleeing drive appeared to be relatively strong in 
comparison with the brooding drive. (The eggs on the edge of the nest 
represent a situation fitting to I.R.M.’s of motor patterns of both 
motivations. ) 

B. All animals show at times a marked preference for either the right 
or the left egg or for the egg that is lying at a very special place. It is 
suggested that this might be a case of adaptation of the I.R.M., a 
phenomenon first discovered by PREcuTL when studying the gaping 
reaction of nestlings of song birds. The phenomenon appears mostly 
after many experiments with the same animal, it is quantitative in such 
a sense that a preference only for place can be broken and succeeded 
again by a preference for the bigger egg by increasing the size difference 
between the 2 models offered. 

C. Sometimes the gull seems not to choose at all, it retrieves very 
quickly just at random. There is strong evidence that in such gulls the 
brooding motivation had reached a very high intensity. Under compa- 
rable conditions PRECHTL too found decrease of selectivity of the gaping 
reactions of song birds. 
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3. L. De Rurrer (Groningue). The measurement of the “‘prey value” 
of preys. 

The behaviour of animals is influenced by stimulation of their sense 
organs. The first step in the analysis of this phenomenon must be a 
careful quantitative description of the relation between the pattern of 
sensory stimulation and reaction. Some work in this field has been done 
by ethologists. The first, now widely known result was the discovery 
that the reaction of an animal to a given external stimulus depends on 
the internal state of the animal. This has led to the formulation of the 
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concept of drive. On the other hand, at a given level of the drive for a 
certain activity, the frequency of that activity varies with the nature of 
external stimulation (N. TINBERGEN, 1952). 

We shall discuss here the value of the experimental data on the latter 
point for the explanation of the influence of sensory stimulation on 
behaviour, taking observations on feeding behaviour as an example. 
The reason for this choice is that more work has been done on feeding 
than on any other activity, as this aspect of behaviour interests not 
only ethologists but ecologists as well. Hence, the following remarks 
also have some bearing on ecological problems, into which, however, 
we cannot enter now. 

Any object to which an animal may react with a feeding response 
will be called a prey. In an experiment equal numbers of two or more 
different types of prey are offered to a predator. The frequency of the 
feeding responses evoked by a certain type of prey under given circum- 
stances will be called the prey value of this type under those circum- 
stances for the predator used. We shall restrict ourselves to the visual 
perception of preys. Most animals will show feeding responses (or at 
least the first links of the reaction chain of which such responses consist, 
viz., hunting and catching) to a wide variety of objects, as long as their 
size and their type of movement remain within certain rather wide limits. 

In the work published so far, prey values have not been given in 
absolute numbers, but as relative prey values (R.P.V.), the value for 
one of the types of prey used in the experiment being chosen as unit. 

Three factors, apart from the intrinsic properties of the preys, were 
found to influence their R.P.V. Sometimes the R.P.V. did not vary 
with the degree of activation of the feeding drive, e.g., in the work of 
PopHAM (1941, 1943) with fish preying on water bugs. In other cases, 
however, such as in DRrEEs’ (1952) experiments with Salticid spiders as 
predators, hunger proved to have a definite influence on the R.P.V. 
This difference in results is probably due to the fact that different 
characters of the preys were investigated in the two cases. DREEs 
studied the influence of size on prey value. Probably the largest preys 
offered by him released not only feeding but also flight in his spiders. 
Hence, the frequency of feeding responses in his experiments will have 
depended on the relative levels of excitation of feeding drive and escape 
drive. The higher the feeding drive, the longer it would be able to block 
escape, even in the face of strong releasing stimuli, and, therefore, the 
wider the range over which the prey value will increase with the size of 
the preys. In PopHam’s experiments, on the other hand, probably only 
the feeding response of the fish was affected by the difference among 
the various types of prey used (different degrees of tone contrast with 
their background). 
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A further important point that came to light in PopHam’s work is that 
the relative prey value depends on the prey density (i.e., the number 
of preys per unit volume), except at very low densities. At a certain, 
rather high density the reJative prey value of the highest rated prey 
reaches a maximum. If the density is still further increased, the R.P.V. 
decreases again. We shall not discuss the latter phenomenon here. As 
regards the initial increase of the R.P.V., the following explanation 
seems plausible. A predator wil] not notice a prey if separated from it 
by a distance greater than the distance of perception (Larne). In other 
words, each prey is surrounded by a spherical danger zone with this 
distance as its radius. As the prey density increases, the danger zones 
will overlap more and more. That is to say, the predator will more and 
more frequently see two preys of different type simultaneously. In such 
cases it will, as a rule, pursue the highest-rated prey, thereby giving 
the other a chance to escape. Obviously, the influence of this factor on 
the R.P.V. is difficult to evaluate. It is essential, therefore, to make 
experiments at such low densities that no overlap of danger zones occurs. 

Another factor that may materially alter the R.P.V. of a prey for a 
predator are the previous experiences of this individual predator (DE 
RUITER, 1952, 1953; L. TINBERGEN, 1948). 

It follows from the above that experimental data on prey values can 
only be useful for the quantitative explanation of the relation between 
sensory stimulation and reaction, if the following three conditions are 
fulfilled: (1) information must be given on the degree of hunger of the 
predator, by mentioning not only relative but also absolute response 
frequencies; (2) the prey density must have been sufficiently low to 
exclude overlap of danger zones; (3) the fullest possible account must 
be given of the previous experiences of the predator. None of the papers 
published so far contains information on all three of these points. In 
other words, the study of the problem has hardly advanced beyond the 
qualitative stage. 
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4. J. DE WiLbE (Wageningen). Mechanisms of communication in the 
honey-bee colony. 


Contacts with congeners play an important role in the relations 
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between animals. This is especially true for communities in which 
division of labour occurs. The bee colony forms an impressive example 
in this category. A bee colony may be considered as an organism of a 
higher order, several physiological functions of bees having an in- 
dividual and a social aspect. 

Between the members of the bee colony, as between the cells of 
organisms, co-ordinating and regulating mechanisms are present. These 
mechanisms may have an animal or a vegetative character. The first- 
mentioned are based upon sensory communication, the latter, main- 
taining conditions fora longer time, probably havea material (hormonal) 
base. 

In the following, the “dances” of field bees, related with colony 
nutrition, wil not be treated in extenso, as they have been reviewed 
recently on several occasions. With many other social functions (clean- 
ing, care of larvae, respiration, temperature-regulation, defense, 
swarming) co-ordination is of no less importance. In what follows the 
stress will be laid upon what is known of these types of communication. 


A. Communication between worker bees. 


a. In feeding experiments with a sugar solution, to which traces of 
P®? were added, Rippanps found that an extensive communication is 
obtained by food distribution within the colony. Already after two 
hours, half of the field bees had become radioactive, and after 48 hours 
nearly all the bees and larvae had become so. 

The supposition of RipBanps that food distribution plays an important 
role in the division of labour, could not be confirmed by the observa- 
tions of Linpauer. The latter studied the activities of individual worker 
bees throughout their life. In contradiction to the findings of Rdscu, 
LInDAUER found that a worker bee may carry out two or more types 
of activity at any given age, e.g., cleaning the cells and feeding the 
larvae. Continuous observations of individual bees showed that between 
periods of activity, periods of rest on the combs may occur, alternating 
with lengthy “‘patrol’’ periods during which the bees probably find out 
for themselves what tasks require their attention. 

Food distribution may be of great importance for the regulation of 
female dimorphism (see B). Field bees that “‘drift’” to other colonies 
may offer food to the defenders of these, as a part of “submissive” 
behaviour” (BUTLER). 

b. The ‘“‘dances” of field bees will not be treated in extenso. The 
tactile and olfactory senses (antennae) play the main role in this type 
of communication; location and smell of the food-source are indicated 
by means of this “language”’. 

c. During “scent-fanning” bees emit a specific odour, which is pro- 
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duced by the gland of Nasanoff, on the abdomen. This behaviour 
occurs in situations in which bees are disorientated, e.g., during swarm- 
ing or after displacement over a considerable distance. At the hive- 
entrance the fellow-workers are recognised by their odour. An odour- 
less food-source will be provided with a ‘“‘scent-marking”’ which works 
quite efficiently. The specific odour depends upon the composition of 
the food, and may change within a few days (splitting of a colony; 
RiBBANDS, KALTOFEN). 


B. Communication between workers and queen. 


The “royal train” suggests intensive communication between workers 
and queen. This continuously changing group of workers feeds the 
queen and leads her during oviposition. Under these and other cir- 
cumstances it appears that the queen emits an attractive scent. The 
presence of a queen inhibits ovarium growth in worker bees. This 
effect can only be brought about by direct contact between the mouth 
part of workers (experiment with seperation by one and two layers of 
wire gauze respectively; Hess). If a specific inhibitory substance would 
be at work, one could speak of a “sociohormone”’. 


C. Communications between queens. 


The piping sounds of queens form an entirely different type of 
communication, the function of which is apparently to prevent fights 
between queens. Both piping within and outside the comb is emitted in 
“strophes”’ of 2-4 sec., each of 5-10 short blasts. 

The frequency of these sounds is 300-350 and 400-500 Hz respec- 
tively. They probably have the same origin, the first-mentioned being 
“damped” and deformed within the comb. The origin of the sound is 
very probably not in the wings (ARMBRUSTER) or the basal wingplate 
(Snopcrass) but in the stigmata which together with the abdominal 
air-sacs function as a flute (Woops). The mechanism of sound-percep- 
tion is not exactly known. Specific organs of hearing are missing. 
Frequency discrimination is poor (HANsson), queens answering to 
tunes of various frequencies (160-1300 Hz). A condition for sound- 
perception is contact with a solid substrate; the sounds are perceived 
through the vibratory sense. 
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Séance du 16 mai 1953 a Leyde 

1. E. J. StypeR (Amsterdam). On sounds emitted by Dolphins. 
Short lecture on what is known in literature about sounds emitted 
under water by whales and dolphins. Demonstration of a grammo- 
phone record of sounds of dolphins made by the staff of the Marineland 
Research Laboratory, Florida, U.S.A., by using a hydrophone. 
Reference: SuPer, E. J., 1955: Vakbl. Biol., 35, 193-200. 

2. J. J. LAARMAN (Leyde). The host-seeking behaviour of the malaria 
mosquito Anopheles maculipennis atroparvus. 

Voir: J. J. Laarman, thése, Leyde, 1955. 

3. L. W. D. Caupri (Paris). Exposé des travaux biologiques en Syrie. 

Aprés une introduction traitant des difficultés générales que rencontre 
Assistance technique des Institutions spécialisées des Nations Unies 
dans les pays dits sousdéveloppés, des précisions furent données sur 
deux points différents: 

A. Législation phytosanitaire. La coopération internationale s’efforce 
d’obtenir que les exigences phytosanitaires que posent les pays vis-a-vis 
des importations et exportations de végétaux et de produits végétaux 
soient justifiées du point de vue biologique. En Syrie une nouvelle loi 
a été adoptée qui se base sur la Convention internationale pour la 
protection des végétaux de la F.A.O. (Rome, 1929). 

B. Insectes nuisibles au coton. Le ravageur le plus important des 
cultures de coton, assez récentes en Syrie, est Eartas insulata Boisd. 
(spiny bollworm), dont malheureusement Vhibernation reste insufh- 
samment connue. II est probable que vers l’automne les larves entrent 
en compétition directe avec celles de Pectinophora gossyprella Saund. (pink 
bollworm), ce qui expliquerait que cette derniére espéce soit assez rare 
dans les régions ow sévit Earias. 

Des essais de lutte chimique ont démontré que les poudrages, méme 
sils sont préférés par les cultivateurs en raison de la pénurie d’eau, ne 
donnent que des résultats médiocres. Par contre, des résultats promet- 
teurs ont été obtenus a l’aide de pulvérisations a haute concentration a 
base de toxaphéne et de dieldrin et surtout d’endrin (produit 269) qui 
a permis de protéger les cultures pendant 10 a 20 jours. 

Litérature: Programme élargi d’assistance technique, FAO Rapport, 110, 1953, Rome. 


Séance du 5 septembre 1953 a Oostvoorne 
1. D. J. Kurnen (Leyde). La station biologique ‘““Weeversduin” a 


Oostvoorne. 
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2. B. M. Lenstnx (Oostvoorne). Ecologie de la distribution des 
sauterelles. 
Les résumés de ces conférences n’ont pas été remis au secrétaire. 


Séance du 7 novembre 1953 a Utrecht 
Conférence sur la connaissance et l’acquisition des faits dans l’in- 
struction biologique des écoles secondaires de la Hollande. 


Voir: Vakbl. Biol., 34, 129-139, 145-154. 


Séance du 12 décembre 1953 a Amsterdam 

1. N. Posrma (Utrecht). General bases of structural properties and 
mechanical functions of muscles. 

Simultaneous with the continuation of research on the mechanical 
properties of muscle, important investigations on the chemical proces- 
ses in muscles took place during the period between the two world wars 
(MEYERHOF, EMBDEN, Parnas). While this work was at its summit, the 
interest of biochemists (von MuRALT, WEBER, SZENT GyOrey1, AsT- 
BURY, DuBuIsson) became focused on the properties of muscle proteins 
and on the influence of ATP on these properties (ENGELHARDT, NEED- 
HAM, SZENT GyOrGyI, WEBER). 

WEBER, reviewing the results obtained in this fleld, made use of the 
published data on physical and chemical properties of a dozen isolated 
fibrillar muscle proteins and of six combinations of two of these; he 
succeeded in clarifying the confused terminology, thereby elucidating 
the whole problem. He was also able to eliminate the factors causing 
excitability of the muscle from the contractile system. Moreover, he 
could establish the conditions which need to be satisfied to allow the 
results of experiments on models to be related to the functioning of the 
muscle elements. Finally he has found that ATP not only furnishes the 
energy for the contraction and for tetanus (during which ATP is split 
by the muscle), but is also active in unchanged form, by governing the 
grade of structure of the muscule: lack of ATP causes extreme rigor 
(fixity), making relaxation impossible, and reversely excess of ATP 
causes extreme flaccidness, rendering the system powerless. It is now 
certain that in muscle, next to the “‘phasic” active principle a structural 
function is inherent, which must be identical with the so-called viscosoid 
tonus, studied by JorDAN. Both functions are based on an interaction 
between ATP and actomyosin (= the combination of actin and myosin, 
two of the isolated muscle proteins). The latter substance is present in 
all muscles, if not in all organs and organellae (HorFMANN-BERLING), 
e.g., the protoplasma of Amoeba (RaANz1), functioning in movement and 
posture. Actomyosin, together with ATP and magnesium, governs the 
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structural properties and the mechanical behaviour of muscles and 
organs. 

Not only actomyosin-sol and -gel respectively, or threads drawn 
from the latter, can be used for experiments on models, but such ex- 
periments can also be made on simplified muscle fibres, provided that 
the substances added to the experimental milieu can reach the axis of 
the object unchanged within a reasonable time. Moreover, the object 
should be firm, but not too rigid, and by making the muscle fibre free of 
potassium, the contraction-cycle must be separated from the stimula- 
tion-mechanism. The protein content of the thread ofactomyosin should 
be low. In both preparations a certain thickness should not be exceeded. 
Moreover, ion-concentration, temperature and the diameter of the 
particles (lower than the maximum allowed) should be identical, to 
ensure comparable results. 

From experiments on such models and on fibres of smooth and striat- 
ed muscle it is evident that the muscle contraction initially goes slowly 
(and also the development of tension), and that a considerable shorten- 
ing (80\%) can be reached. Because of its more differentiated structure, 
the skeletal muscle is quicker (15 x) and stronger at the expense of the 
attainable shortening (30 °/,). WEBER is of the opinion that the smooth 
muscle contracts better than the skeletal muscle. However, if we apply 
the data obtained by Bucuruat to the results of WEBER’s calculations, 
we obtain the following: 

The specialisation of the skeletal muscle is expressed in the distinction 
between anisotrope discs (A), alternating with isotrope discs (I) ; in the 
middle of the latter lies the Z-membrane (one compartment between 
two Z-membranes corresponds to one Bowman’s disc). The A-disc forms 
65 % of the volume of the fibrillae and since these in their turn form 
60-80 % of the muscle fibres, the A-disc forms 40-55 % of the latter. The 
actomyosin content is 70-75 % of the volume of the fibres. WEBER con- 
cludes therefore that the actomyosin is not all contained in the A-discs. 
Differences in double refraction and in electron-transradiation of A- 
and I-discs indicate the presence of a continuous cover of the actin- 
filaments, which are, exclusively in the A-discs, filled up with myosin. 
BucuTuaL found that the I-disc can be lengthened for 43 % by con- 
traction of the neighbouring A-discs. WEBER found a primary shorten- 
ing of actomyosin at 80%. An A-disc of 12,500 A will thus contract to 
2,500 A; simultaneously the I-disc will be stretched from 7,500 A to 
10,000 A. The length of one Bowman’s disc will therefore recede from 
20,000 A to 13,000 A, which represents a shortening of 30%; this 
value was actually found by Weser for the whole muscle fibre. The 
A-discs therefore can be just as contractile as the primitive smooth 
muscle fibres, but the effect is lessened by the extensibility of the non- 
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contractile I-discs. The elasticity of the latter causes intrafibrillary 
tensions that may contribute to the fast relaxation of skeletal muscle 
(together with the fixed antagonism). For the smooth muscle fibres this 
force must be looked for only outside the fibre; elasticity of compressed 
elements and the pull which is exerted on the muscle from outside. 

There are therefore two components in the function of movement 
and posture of the muscle: the phasic component is more important for 
the first, the structural for the second. In the smooth muscles it is the 
structural component which predominates most often (JORDAN) ; in the 
striated muscles it is the phasic one which comes to the fore. Till now 
this last one has been considered in England and America to be the 
only one, cf. lately Lowy. However, the part played by each varies 
considerably according to the function of the muscle being miore for 
movement or for posture, whereas also the season, the prae- and post- 
natal Jife and the ionic composition of the (external) medium have big 
influence (WACHHOLDER). It would take too long to illustrate this point 
with examples. 

It is now possible to give a general basis for the physiology of muscles, 
and to regard deviations therefrom as functional specialisation. 
Reference: WEBER, H. H., 1952: Ergebn. Physiol., 47, 369-468. 


2. D. J. Kurenen (Leyde). Sur la gestion de l’eau des Isopodes 
terrestres. 

Cette conférence sera publiée bientét dans le périodique Archives 
néerlandaises de Zoologie. 


Séance du 6 février 1954 4 Amsterdam 

N. H. SwELLENGREBEL (Amsterdam). Wild, domestic and inter- 
human parasitism. 
Voir: Docum. Med. Geogr. Trop., 7, 182-191, 1955. 


Séance du 15 mai 1954 4 Leyde 

1. A. G. PerpEcK (Leyde). Quelques expérimentations sur lorien- 
tation des oiseaux. 
Voir: Jversl. Vogeltrekst. Texel, 1948-1953. 

2. J. W. SLurrer (Utrecht). Sur le mécanisme de la mastication des 
Chiroptéres. Conférence illustrée avec un film démonstratif. 
Voir: Ned. Tijdschr. Geneesk., 98, 2866-2867. 


Séance du 24 et du 25 septembre A Groningue 

1, G. P. Barrenps (Groningue). Le laboratoire zoologique de l’uni- 
versité de Groningue. 

2. L. DE Rurrer (Groningue). Le centre respiratoire des poissons. 

3. Mlle B. Baccerman (Groningue). Sur influence de la durée des 
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journées et de la température sur le cycle reproductif de Gasterosteus 
aculeatus. 

4. J. Meruzats (Groningue). Les aspects neurohistologiques de l’in- 
nervation de l’adenohypophyse. 

5. L. Trnpercen (Groningue). Conférence sur les aspects futurs de 
Pécologie. 

6. A. E. vAN GirFeN (Groningue). Le chien, l’animal domestique 
européen le plus ancien. 

7. L. F. Kamps (Baflo). Sur les recherches biologiques associées aux 
atterrissements. 

Les résumés de ces conférences n’ont pas été remis au secrétaire. 


Séance du 2 novembre 4a Delft 
1. C. Romyn (Utrecht). Development of temperature regulation in 
the Chick. 


Voir: Section papers of the tenth world’s poultry congress, Edinburgh, 1954. Tijd- 
schr. Diergeneesk., 75, 719-746, 1950. 

2. J. Isincs (Delft). Les aspects histochimiques de la crue des cheveux. 

Un résumé de cette conférence n’a pas été remis au secrétaire. 

3. Madame E. H. Hueck-vANDER P as (Delfgauw). Le virus polyé- 
drique. 

Un résumé de cette conférence n’a pas été remis au secrétaire. 

4. Madame M. P. M. HERRMANN-ERLEE (La Haye). Sur des épreu- 
ves d’infection faites au moyen du virus polyédrique des teignes. 

Un résumé de cette conférence n’a pas été remis au secrétaire. 

5. H. J. Hueck (Delfgauw). Localisation et caractéristique physico- 
chimique du virus polyédrique des teignes. 

Un résumé de cette conférence n’a pas été remis au secrétaire. 


ERRATA 


In my recent paper “‘Aspects and Prospects of the Concept of Instinct (Vicissitudes 
of the Hierarchy Theory)” the following corrections should be made: 
At p. 156, 6th and 7th line: 
Omit “Hinpe (1953, 1954)”. 
At p. 178, 6th line: | 
For “lowered” read “theightened”’. | 
At p. 247, 4th line from below: 
Omit conclusion (2). 


A. KorTLaAnpT | 


